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DIGESTED SLUDGE—AN AID TO THE ACTIVATED 
SLUDGE PROCESS * 


By L. S$ 


Peoria Sanitary and Sewaade Disposal Dist., Peoria, Ill. 


Chemist, The Greater 
In a previous paper (THs Jour- 
van, 17, 6, 1177) a basis for the appli- 
cation of digested sludge to the acti- 
vated sludge process was presented. 

The most satisfactory activated 
sludge plant operation is brought about 
with an activated sludge in which the 
sludge index is maintained within 
relatively narrow limits. The volume 
of return and waste activated sludge 
required to be handled is found to be 
approximately directly proportional to 
the sludge index. If a_ plant is 
equipped with sufficient pumping fa- 
cilities, and the hydraulics of the pipe 
lines and conduits will permit handling 
the volumes required, loss of activated 
sludge in the final effluent can be kept 
under control until the velocities in 
the final settling tanks are such that 
turbulent conditions prevent settling of 
the activated sludge. 

More difficult to control is the waste 
activated sludge. Assuming that the 
pumping and storage facilities are ade- 
quate, the faetor limiting the ability 
to maintain the system solids balance 
required by the sludge index of the 
activated sludge is the efficiency of the 
primary settling tanks or other con- 


centration tanks to settle the wasted 
sludge. As the efficiency of removal 
of solids from these tanks decreases 


the suspended solids added to the acti- 
vated sludge system increases. This 
necessitates the wasting of more sludge 
from the activated sludge system and 


resented at the 18th Annual Meeting, 
Central States Sewage Works Assn.; Lafay- 
ette, Ind.; June 13-14, 1946. 


. Kraus 


further decreases the efficiency of the 
settling tanks or the activated sludge 
coneentration tanks. The vicious cycle 
so produced causes the sludge index to 
further increase. 

If the sludge index is allowed to in- 
crease to the point of breakdown of 
either of the facilities noted, or if 
pumping facilities are not adequate. the 
system balance will fail and sludge will 
be lost over the final settling tank 
weirs. When this takes place the only 
corrective measures are to by-pass pri- 
mary settling tank effluent or to lower 
the sludge index of the activated 


sludge. 
The Bulking Problem at Peoria 


Due to nature of the mixture of 
domestic sewage and industrial wastes 
containing soluble materials treated at 
the Peoria sewage treatment works, the 
activated sludge was in a_ practically 
continuously bulked condition. Table 
II (Period A) indicates the condition 
of the activated sludge in a 4-month 
period immediately preceding the use 
of digested sludge to correct this bulk- 
ing difficulty. Note that 75.4 per cent 
of the time the sludge index (Mohl- 
man) was above 200 and 50.9 per cent 
of the time it was above 250. During 
this period it was possible to operate 
the process without losing sludge over 
the weirs in the final settling tanks 
until the sludge index reached 350. 
When this value was attained it was 
necessary to by-pass part of the pri- 
mary effluent. The sludge index during 
this period was above 350 for 15.4 per 
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cent of the time and this resulted in 
by-passing 7.9 per cent of the primary 
effluent. 

It should be noted here that during 


this period of operation, reaeration of 


the activated sludge was employed, and 
that return sludge rates were adjusted 
earefully on the basis of mixed liquor 
settling tests every two hours. This was 
done in such a manner that the sus- 
pended solids in the return sludge from 
each final settling tank would not ex 
ceed the value indicated in the settled 
sludge after thirty minutes in the liter 
eraduate settling test. 

At this time it was thoueht that the 
bulking condition was brought about by 
shock industrial loads, and consider 
ation was beine given to means of 
reducing the shock loads and also to 
methods of reducing the effect of these 
loads on the activated sludge. It was 
apparent from the mathematics of the 
process that a vicious condition ex 
isted in the activated sludge system. 
During periods of high sludge index it 
was necessary to reduce the suspended 
solids in the mixed liquor and in the 
activated sludge in the reaeration tank 
in order to maintain the return sludge 
suspended solids at the concentrations 
indicated in the settling tests. It had 
been observed that under these con 
ditions activated sludge of very high 
sludge index was being synthesized and 
that this material, when added to the 
relatively small amount of solids in the 
system, produced major overall changes 
in the mass of the sludge. The first 
step toward the solution to the problem 
appeared to be the maintenance of 
large amounts of activated sludge in 
the system in order that the rate of 
change in density of these solids should 
be minimized. 

In addition it had been noted that 
storm flows lowered the sludge index 
of the activated sludge, and this was 
considered to be brought about by the 
addition of materials of high density 
to the activated sludge, and also by re- 
ducing the amount of high sludge in- 
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dex solids produced by reducing the 
soluble material in the sewage fron 
which these solids were synthesized. 

These and other considerations noted 
in the previous paper led to laboratory 
and plant scale experiments which re- 
vealed that digested sludge solids could 
be eonverted into activated sludee 
solids rather readily, and that the acti 
vated sludge so produced would be 
one of low sludge index. This could be 
accomplished by mixing digested sludge 
with activated sludge and aerating the 
mixture with sufficient air for an ade 
quate period of time. 

It was also found that when the acti 
vated sludge so produced was mixed 
with an activated sludge of high sludge 
index the resulting sludge index was 
the weighted average of the two sludge 


indices. 


The “Interchange” Procedure 


Thus is established the basis of a 
procedure for controlling the sludge 
index of activated sludge—-first to pro- 
duce an activated sludge of low sludge 
index by addine digested sludge to 
activated sludge in an aeration tank 
and aerating the mixture until the 
whole is converted to an activated 
sludge, and then adding the low sludge 
index activated sludge so formed to a 
high sludge index activated sludge in 
the aeration tanks in such a manner 
that a desired condition of mixed 
liquor suspended solids be maintained. 
The procedure of mixing the two acti- 
vated sludges will be referred to herein 
as an ‘‘interchange.”’ 

The simplest method of accomplish 
ing this procedure is that of con 
tinuously adding the required amount 
of digested sludge and part of the 
return activated sludge to an aeration 
tank, and continuously displacing an 
activated sludge of low sludge index 
from this tank and adding this to the 
return activated sludge. The flow dia- 
gram of the process is indicated in 
Figure 1. 
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FIGURE 1.—Flow diagram of process during continuous addition of 
digested sludge and continuous interchange. 


In this process it may be noted that 
the digested sludge is added in the 
form of digested overflow from the pri- 
mary digesters. This source of digested 
sludge is used because of ease of opera- 
Bottom sludge from the second- 
ary digesters was used 
but due to operating schedule problems 
lend itself to the 
The di 


return 


tion. 
successfully, 


this souree did not 
most satisfactory procedure. 
overflow is mixed with 
activated sludge from the final settling 
tanks and the mixture is aerated in the 
treatment aeration tanks; the 
overflow from these tanks is then added 
to the normal return activated sludge 
to the aeration tanks. While this 
procedure was carried out on full plant 
operation and was successful in 
controlling the sludge index, it did 
not remedy one of the other difficulties 
that frequently caused trouble in the 
activated sludge process. 

Due to the many industrial wastes 
entering the sewers and to the lack 
of operating care in some of the in- 
large quantities of organic 
wastes are occasionally discharged to 
the sewers, and these shock loads on the 
plant cause the activated sludge to lose 
its clarifying properties. When this 


vester 


sludge 


l 
Scale 


dustries, 


took place during operation with the 
conventional activated sludge process, 
it would take as long as ten days before 
the activated sludge returned to normal 
clarifying ability, and occasionally an- 
other shock load would be imposed on 
the activated sludge before clarification 
was re-established. When a shock load 
was experienced during the period of 
continudus addition of digested sludge 
and continuous interchange, all of the 
activated sludge lost its clarifying 
property to the same degree as in the 
normal process. 

In order to reduce the effect of shoek 
loads, a was developed 
whereby the interchange process was 
made intermittent. The digested sludge 
was added continuously to the sludge 
treatment tank and an interchange of 
the activated sludge in the aeration 
tanks with the activated sludge in the 
sludge treatment tank was made at a 
high rate over a 6-hr. period each day. 
This materially minimized the proba- 
bility of subjecting the activated sludge 
in the sludge treatment tank to shock 
loads, and resulted in a very satisfae- 
tory operation except that, due to the 
high rate of interchange, a considerable 
concentration of nitrate nitrogen was 


procedure 
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introduced into the aeration tanks and 
this caused some difficulty in control- 
ling rising sludge in the final settling 
units. 

The intermittent interchange 
then altered to a low rate interchange, 
and the lower concentration of nitrate 
nitrogen present in the mixed liquor 
did not cause the activated sludge to 
rise in the final settling tanks. The 
interchange was extended over a_ pe- 
riod of 24 hours so that a procedure was 
established whereby the aeration tank 
activated sludge was used to purify the 
Sewage in the normal manner for one 
day, and then this sludge was inter- 
changed with the sludge treatment tank 
activated sludge on the following day. 
This manner of operation resulted in 
excellent control of the sludge index 
and,rapid recovery of the clarifying 
property of the activated sludge fol- 
lowing the application of shock loads. 


was 


Operating Data Periods 


For the 
efficacy of this process. data for three 
periods, each of four months duration, 
are presented. 

Period A represents the four months 
immediately before using this process. 
During this time one-fourth of the 
aeration tank capacity was given over 
to reaeration of the return sludge. 
Normal aeration tank effluent settling 
tests were determined in liter gradu- 
ated cylinders every two hours, and the 
return sludge rate was so controlled 
that the concentration of suspended 
solids in the return sludge did not ex- 
ceed the concentration of sludge ob- 
served in the settling test after 30 min. 
Waste activated sludge rates were con- 
trolled to the extent possible with the 
facilities available, so that the sus- 
pended solids would not exceed 1,500 
p-p.m. and the 30-min. settling test 
reading would not exceed 300. 

Period B represents four months 
wherein digested sludge was added con- 
tinuously to the sludge treatment aera- 
tion tanks, and the interchange with 


purpose. of studying the 
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the activated sludge in these tanks and 
the activated sludge in the aeration 
tanks was made at a low rate for 24 
hours on alternate days. On days when 
no interchange was being made the 
sludge in the sludge treatment tank 
was circulated from the effluent end 
to the influent end of the tanks. 

During the four months indicated as 
Period C the process was modified so 
that digested sludge was added only on 
days when no interchange was being 
made and simultaneously the sludge 
in the sludge treatment aeration tanks 
was circulated from the effluent end to 
influent end of the tanks. The inter- 
change was made on alternate days at 
a low rate over a period of 24 hours 
This operation was used in preference 
to that of Period B for purposes of 
simplification of operating procedure. 

Thus three periods are presented: 
Period A—immediately prior to the 
use of the Period B 
tinuous addition of digested sludge and 
low rate of interchange on alternate 
days; and Period (—-alternate day ad- 
dition of digested sludge and _ inter- 
change on alternate days. 


process ; con- 


Plant Loading 


Table I and Figure 2 
raw sewage population equivalent-du- 
ration curves for the three periods. In 
order to better evaluate these curves, 
consideration should be given to the 
aeration tank capacities. Using con- 
ventional activated sludge plant design 
data, a plant employing a 6-hr. aeration 
period and 20 per cent return activated 
sludge provides an aeration tank 
capacity of 4 cu. ft. per capita. On 
this basis the total aeration tank ce- 
sign capacity is 195,300 population 
equivalent on a raw sewage basis. The 
population equivalent-duration curves 
represent the per cent of the time the 
daily average raw sewage population 
equivalent exceeded the indicated 
values. Thus the raw sewage popula- 
tion equivalent was above the 200,000 
(design) level 69.1 per cent of the 


indicate the 
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TABLE I.—Duration of Various Population 
Equivalent Loadings 


| Per Cent of Time Exceeded 


Population a Ee 
quivalent Period Period Period 
A B | Cc 
100,000 100 100 100 
150,000 87.7 92.1 | 95.0 
200,000 69.1 | 84.0 | 85.5 
250,000 37.4 63.0 | 67.5 
300,000 7.3 30.2 | 368 
350,000 1.6 7.6 Ly fa | 
100,000 0.0 0.9 3.4 


time during Period A, 84.0 per cent of 
the time during Period B and 85.5 per 
cent of the time during Period C. The 
plant load was above 300,000 popula- 
tion equivalent, or 150 per cent design 
capacity for 7.3 per cent of the time 
during Period A, 30.2 per cent of the 
time during Period B and 36.8 per cent 
of the time during Period C. Note that 
during Periods B and C the load ex- 
ceeded 400,000 population equivalent, 
or twice the conventional design c¢a- 
pacity for the activated sludge portion 
of the plant. 
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Thus the plant load during the three 
periods was considerably above con- 
ventional design and the load was 
lightest during Period A and heaviest 
during Period C. The average values 
for the raw sewage population equiva- 
lent for the Periods A, B and C were 
224,000, 263,000, and 274,000, respec- 
tively. 

Effect on Sludge Index 


With this picture of the nature of 
the plant loading, refer to Table II and 
Figure 3 which represent the sludge 
index of the aeration tank activated 
sludge during the three periods. The 
sludge index exceeded 200 during Pe- 
riod A for 75.4 per cent of the time, 
during Period B but 1.7 per cent of 
the time and did not exceed that value 
during Period C. Note that the sludge 
index was above 150 during Period A 
for 92.7 per cent of the time, while dur- 
ing Periods B and C the duration this 
value was exceeded was but 12.8 and 
4.4 per cent, respectively. 

At no time during Periods B and C 
was it necessary to by-pass primary 
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FIGURE 2.—Raw sewage population equivalent loading—duration 
curves for the three periods studied. 
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TABLE II.—Per Cent of Time Sludge Index 
Exceeded Indicated Values 





Per Cent of Time Exceeded 


Sludge Index ; ; | 


Period Period Period 
J | B Cc 
50 | 0 100 =| 100 
100 100 Wwe | Tes 
150 92.7 i286 | 1.4 
200 75.4 LZ 0 
250 50.9 0 
300 23.6 
350 | 15.4 
400 10.9 
450 ye 
500 5.5 


settling tank effluent. As previously 
noted during Period A, the sludge in- 


dex exceeded the 350 value 15.4 per 
cent of the time, and during part of 


this time by-passing of primary settling 
tank effluent was necessary in order to 
minimize loss of sludge from the final 
settling tanks. The average values of 
the sludge index for Periods A, B and 
C were 252, 120 and 118, respectively. 
It is obvious that the higher sludge 
density during Periods B and C should 


400 
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result in less loss of solids in the final 
settling tank and therefore should re- 
sult in higher plant efficiency. 


Effect on Plant Efficiency 


Table III and Figure 4 indicate the 
overall removal of suspended solids ef- 
fected by the treatment process during 
the three periods. These also are du- 
ration data and express the per cent 
of the time the daily average removal 
of suspended solids was above the 
values indicated. The values indicated 
under Period A are not corrected for 
by-passed primary effluent but repre- 


TABLE III.—Duration of Various Percentages 
of Overall Removal of Suspended Solids 


Per Cent of Time Exceeded 
Per Cent Overall * : i 
Removal of SSS ae 
Suspended | Peri 
; erior 
( 


Solids — — 
70 100 
75 98.3 
80 97.5 
85 90.7 100 100 
90 69.5 99.2 | 96.7 
95 24.6 70.0 | 48.3 
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FIGURE 3.—Activated sludge index duration curves during the three periods studied. 
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FIGURE 4.—Overall removal of suspended solids—duration 
curves for the three periods studied. 


sent the character of the final effluent 
as compared to the raw sewage. The 
removal of suspended solids was above 
the 95 per cent value 24.6 per cent of 
the time during Period A, 70.0 per cent 
of the time during Period B and 48.3 
per cent of the time during Period C. 

The removal of suspended solids was 
above 90 per cent for 69.5 per cent of 
the time during Period A, 99.2 per cent 
of the time during Period B and 96.7 
per cent of the time during Period C. 
The average removal of suspended 
solids during Periods A, B and C were 
91.5 95.4 and 94.6 per cent, respec- 
tively. 

Likewise Table IV and Figure 5 
represent the percentage overall re- 
moval of B.O.D. by referring the final 
effluent B.O.D. to the raw sewage 
B.O.D. Here again the data are similar 
although the differences between Pe- 
riods B and C and Period A are more 
pronounced. Note that removals above 
95 per eent were effected during Pe- 
tiod A but 19.5 per cent of the time, 
while during Periods B and C the du- 


TABLE IV.—Duration of Various Percentages 
of Overall Removal of B.O.D. 











| Per Cent of Time Exceeded 
Per Cent Overall 
Removal of 
B. 


O.D. Period Period | Period 
A B C 
65 100 a 
70 99.2 | — 
io 95.8 - | ~ 
80 | 91.5 —- | — 
85 82.2 | 100 | 100 
90 | 59.3 | 99.2 | 92.4 
95 19.5 | | 42.4 


57.2 


ration of this efficiency was 68 and 42 
per cent, respectively. Furthermore, 
while B.O.D. removal efficiency during 
Periods B and C exceeded 90 per cent 
for 99.2 and 92.4 per cent of the time, 
respectively, this value was exceeded 
but 59.3 per cent of the time during 
Period A. The average removal of 
B.O.D. during the Periods A, B and 
C were 89.9, 95.0 and 94.0 per cent, 
respectively. 

It is apparent from these data that 
efficiency of the activated sludge proc- 







































1106 SEWAGE WORKS JOURNAL November, 1946 
: ve 
100 T 7 T T T T ’ 
| | | | | | sel 
| | th 
| ‘ 
= —~ pl 
| 
| E 
90 | 
Fa B ~; 
° \ | eal 
oO | \UPERIOD A ; 
> sys 
<q _— —+- ~~ + —- —__1_____ +—- ——}————— - 
O | ma 
o | | | ap] 
|) a en ae 4. = an 
4 | | | bei 
g . 
Q | rlo 
= [weet ioe fee, oat ene Reaeaents oo = See ‘ 
« ) 
pre 
4 
3 pel 
< _) Ea eee See ae | pia = eee | | 
a | | | tan 
Ww | 
3 | | | | | rlo 
y a | | | om 15 
10 20 30 40 50 60 70 80 90 100 des 
&% OF TIME plo, 
nor 
FIGURE 5.—Overall removal of 5-day B.O.D.—duration curves ent 
for the three periods studied. 10 
; ; . x per 
ess was improved considerably during of the process. In order to evaluate 
Periods B and C, when the digested further these data, a comparison of the air 
sludge addition and interchange pro- operating characteristics, air require- * 
cedure were in use, compared to results ments and load must be examined. ‘To- spe 
during Period A previous to the use ward this end is presented Figure 6 ae 
ef. 
cu. 
the 
Per 
wer 
per 
use( 
eubi 
FINAL for 
SETTLING 340 
are 
TANKS 
the 
the 
tion 
Ni 
the 1 
riod 
hr. f 
Aw 
est ¢ 
FIGURE 6.—Average data for activated sludge system during and 
the three periods studied. peri 
€ 








e 


e 








Vol. 18, No. 6 


setting forth the average conditions in 
the activated sludge portion of the 
plant during each period. 


Effect on Activated Sludge Plant 


The data presented in Figure 6 indi- 
eate that the load on the aeration tank 
system as expressed in pounds of pri- 
mary tank effluent B.O.D. per day was 
appreciably higher during Periods B 
and © than during Period A, the values 
being 34,300 and 35,700 during Pe- 
riods B and C, respectively, and but 
96,200 during Period A. When ex- 
pressed in terms of pounds of B.O.D. 
per day per 1,000 cu. ft. of aeration 
tank volume, the loadings for the Pe- 
riods A, B and C were 33.5, 48.7 and 
45.7, respectively. In a conventionally 
designed activated sludge plant em- 
ploying primary sedimentation the 
normal loading of primary tank efflu- 
ent B.O.D. is approximately 28 lb. per 
1,000 cu. ft. of aeration tank capacity 
per day. 

Approximately the same volume of 
air was used during Periods A and 
and 184 million e¢.f.d., re- 
spectively—with a reduction in air 
used during Period C to 16.8 million 
ef.d. This resulted in the use of 1.68 
cu. ft. of air per gallon of sewage for 
the “‘bulking’’ Period A, while during 
Periods B and C the amounts of air 
were reduced to 1.33 and 1.14 eu. ft. 
per gallon, respectively. Combining air 
used and load applied, the values of 
cubic feet of air per pound of B.O.D. 
for the Periods A, B and C were 720, 
340 and 470, respectively. These values 
are total air to the system and include 
the air to the aeration tanks and also 
the air to the sludge treatment aera- 
tion tanks. 

Note also that the aeration times for 
the three periods were 6.51 hr. for Pe- 
riod A, 4.96 hr. for Period B and 5.27 
hr. for Period C. Thus during Period 
A we have the lightest load, the great- 
est quantity of air per unit of volume 
and B.O.D., and the longest aeration 
period. Despite these advantages the 
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process was less efficient and the sludge 
bulked for practically the entire 4- 
month period. 

Note that during Period A the mixed 
liquor solids were kept at a much lower 
value than during Periods B and C and 
that, while the settling rates in the 
final settling tanks for this material 
were also lower, the suspended solids 
in the effluent were practically double 
that during the last two periods. 

Note also that the effect of adding 
digested sludge to the system during 
Periods B and C resulted not only in 
a reduction in the index of the aeti- 
vated sludge but also in a reduction 
in volatile matter content, with the 
accompanying reduction in organic 
nitrogen content, the latter reduction 
being from 6.6 per cent to about 5.7 
per cent on a dry solids basis. 


Effect on Primary Settling Tanks 


In an activated sludge plant em- 
ploying primary sedimentation, where- 
in the waste activated sludge is added 
to the influent to the primary settling 
tanks, considerable difficulty may be 
encountered during periods when the 
activated sludge bulks. During such 
periods sharp increases in the sludge 
index are observed, and these necessi- 
tate rapid wasting of activated sludge 
solids in order to maintain an aeration 
tank effluent that can be settled in the 
final settling tanks. The large quanti- 
ties of low density solids wasted to the 
primary settling tank cause rapid in- 
creases in the sludge blanket at the 
bottom of these tanks and this, in 
turn, causes loss of suspended solids 
from these tanks. Consequently, there 
is an increase in the amount of solids 
required to be wasted from the acti- 
vated sludge system. Thus a vicious 
eyele is established which can ulti- 
mately cause the settling process to 
get out of control and which will finally 
result in the loss of large quantities of 
activated sludge in the final effluent. 

In Figure 7 are presented the flow 
diagram and data showing the condi- 
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tion of the primary settling tanks for 
the three periods studied. Noteworthy 
is the effect on the activated sludge 
wasted from the system. During Pe- 
riods B and C the concentration of the 
waste activated sludge is increased ma- 
terially over Period A, but in addition 
the volume of waste activated sludge is 
also increased. This is due to the need 
for wasting not only the activated 
sludge produced from the removal of 
materials from the primary tank efflu- 
ent treated but also the digested sludge 
that is converted to activated sludge. 
Thus during Period B about 56 per 
cent greater volume of wasted activated 
sludge was required than during Pe- 
riod A. I+ should be pointed out, how- 
ever, that due to the relatively narrow 
limits of sludge index range and the 
low rate of change of sludge index 
during Period B, at no time were the 
facilities for wasting activated sludge 
overtaxed as they were many times 
during Period A. 

The same effect is also noted on the 
primary settling tank sludge. Here, 
however, the increase in volume during 
Periods B and C is 14.0 per cent and 
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20.2 per cent, respectively, over Pe. 
riod A. 

The displacement period in the pri- 
mary settling tanks was slightly less 
during Period B than during Period 
A, but the removal of suspended solids 
during the former period was 59.2 per 
cent against 50.3 per cent during the 
latter period. This is undoubtedly due 
to the higher density of waste activated 
sludge during Period B. These values 
of removal of suspended solids do not 
include the waste activated sludge, but 
are based on the raw sewage and pri- 
mary settling tank effluent suspended 
solids. 


Effect on Primary Digestion Tanks 


The effect of the process on the pri- 
mary digestion tanks is of much in- 
terest since it might appear that the 
recirculation of the sludge through the 
aeration tanks and digesters could re- 
sult in more gas production and greater 
reductions of organic solids. The data 
presented in Figure 8 for the three pe- 
riods studied disclose that these expec- 
tations do not occur. The effect on the 
primary digesters is reflected in a de 
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FIGURE 7.—Average data for the primary settling tanks 
during the three periods studied. 
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FIGURE 8.—Average data for the primary digestion tanks 
during the three periods studied. 


crease in volume of the waste digested 
sludge. This is brought about by an in- 
crease in total solids concentration of the 
digested sludge wasted and also by the 
wet combustion of some of the solids 
in the sludge treatment aeration tank. 

An inspection of the gas production 
data indicates that while more gas was 
produced per pound of suspended 
solids in the raw sewage during Pe- 
riods B and C than during Period A, 
the reverse is true when the gas volume 
is expressed per unit of population 
equivalent. In addition, when the 
weight of the gas is expressed as per 
cent of the total and volatile solids 
added to the primary digesters, the 
results indicate that no appreciably 
vreater quantity of gas is produced 
during Periods B and © than during 
Period A. 

The operation of the primary di- 
gesters is such as to maintain homo- 
geneous conditions in the digester con- 
tents. This is accomplished by the 
gas lift effect and also by circulation 
between the bottom and top of the 
tanks. 


It should be observed that during 
Periods B and C large quantities of 
digester overflow containing about 
20,000 p.p.m. suspended solids were 
added to the aeration system. This 
was done without any deleterious effect 
on the system; instead, the effect was 
to improve its operation. 

Thus it may be stated that the 
ereatest effect of the process on the 
digestion tanks is to eliminate com- 
pletely the problem created by digester 
overflow or so-called .‘‘supernatant 
liquor.’’ This material may be added 
to the activated sludge system in the 
manner herein outlined without pro- 
ducing the serious problems created 
by it in many sewage treatment plants. 


Sludge Treatment Aeration Tank 
Operation 


The sludge treatment aeration tank 
operation was carried out with con- 
tinuous addition of digested sludge 
during Period B and addition of di- 
gested sludge on alternate days during 
Period C. The interchange of con- 
ditioned sludge and activated sludge 








in the aeration tanks was made on 
alternate days. Thus during Period 
B digested sludge was added during 
the period of interchange, and during 
Period C digested sludge was added on 
one day and on the following day the 
interchange was made and no digested 
sludge was added during that day. 
In both periods sludge was circulated 
from the effluent end of the sludge 
treatment aeration tank to the in- 
fluent end when no interchange was 
being made. 

Figure 9 indicates the flow diagram 
in the activated sludge portion of the 
plant. The data presented in this 
figure are not entirely self-explanatory, 
since, while all data represent aver- 
ages of daily data, the process is dis- 
eontinuous. Thus during Period C 
digester overflow was added on alter- 
nate days at a rate of 250,000 2.p.d. 
This value expressed on a daily basis 
as recorded in the table is 125,000 
g.p.d. Likewise the sludge treatment 
tank composites were taken before and 
after the interchange on alternate days. 
Thus while the flow diagram arrows 
represent the conditions during the in- 
terchange procedure, only that portion 
of the tabular data other than the 
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above named can be thought of as 
actual daily average conditions. 

In order to determine the amount 
of digested sludge required to be added 
to the activated sludge system, three 
ratios of digested sludge suspended 
solids to primary settling tank efflu- 
ent suspended solids were used: 
namely, 2 to 1, 1 to 1 and 0.5 to 1. 
The three ratios resulted in activated 
sludge with a sludge index generally 
under 100 for the 2:1 ratio, between 
100 to 150 for the 1:1 ratio and be- 
tween 150 and 200 for the 0.5:1 ratio. 
The 2:1 ratio operation resulted in ex- 
cellent sludge index control since the 
low sludge index permitted the main- 
tenance of the greatest quantity of 
activated sludge in the system and, 
therefore, resulted in the lowest rate 
of change of sludge index. This ratio 
of digested sludge suspended solids to 
primary settling tank effluent  sus- 
pended solids was not considered the 
most satisfactory from a practical view- 
point, primarily because it occasionally 
overtaxed the existing facilities for 
pumping primary settling tank sludge 
to the digestion tanks. The ratio of 
0.5:1, which resulted in sludge indices 
between 150 and 200. produced the 
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most sparkling and clarified final efflu- 
ent, but this operation effected a lower 
quantity of solids in the activated 
sludge system and necessarily brought 
about greater rates of change in sludge 
index. 

Thus the ratios of 2:1 and 0.5:1 
were found to be not entirely satis- 
factory for the existing plant facilities 
and operating conditions, and the op- 
eration of a 1:1 ratio was used as 
more satisfactory. This ratio pre- 
eluded the need for handling an un- 
duly large amount of primary settling 
tank sludge and at the same time 
maintained sufficient activated sludge 
in the system to afford a buffer against 
rapid rates of change of sludge index. 
The Periods B and C in Figure 9 
represent such operation. 

As previously cited the digested 
sludge was added to the sludge treat- 
ment tank as digester overflow. Note 
that during both periods the suspended 
solids were in the order of 20,000 
p.p.m. and the free ammonia content 
above 400 p.p.m. in this material. <Acti- 
vated sludge was mixed with the di- 
gester overflow and the mixture aerated 
in the sludge treatment aeration tank 
for a sufficient time to convert the 
digested sludge to activated sludge. 
The interchange of this sludge and the 
aeration tank activated sludge was per- 
formed on alternate days. 

The sludge treatment tank analyses 
were made on a composite of grab 
samples taken at 27 points in the 
sludge treatment aeration tanks, im- 
mediately before and after the inter- 
change. Much of the ammonia nitro- 
gen was converted to nitrate and 
nitrite nitrogen, the average values for 
the composite samples taken before the 
interchange being 72 p.p.m. for Period 
B and 38 p.p.m. for Period C. The 
nitrate and nitrite content decreased 
to 40 and 19 p.p.m., respectively, for 
the two periods after the interchange. 
The amount of this nitrate plus nitrite 
nitrogen loss is that quantity which 
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was added to the aeration tanks during 
the interchange period. 

In the activated sludge system as 
operated during Periods B and C when 
no interchange was being made, the 
aeration tanks were operated as con- 
ventional aeration tanks. During such 
operation the B.O.D. loading of the 
aeration tanks was very high and the 
air supply comparatively low. During 
Periods B and C, on days when no 
interchange was being made, the 
B.O.D. loadings were 58.3 and 60.9 
lb. per 1,000 cu. ft. of aeration tank 
capacity per day, respectively, and 
the air applied in these tanks but 360 
and 310 ecu. ft. per pound B.O.D., 
respectively. These values are in the 
order of one-half that normally con- 
sidered necessary for good operation. 
In addition, these are average values, 
and plant loadings were above average 
values for 57 per cent of the time dur- 
ing Period B and 54 per cent of the 
time during Period C. 

Under these conditions of operation 
the sludge index generally increases, 
and on days of interchange the sludge 
index decreases. The operation is so 
regulated that the decrease in sludge 
index on days of sludge interchange 
is at least equal to the increase in 
sludge index on days when no such 
interchange is being made. It can be 
verified from the data here presented 
that the sludge index obtained by mix- 
ing two sludges is equivalent to the 
weighted average of the sludge indices 
of the sludges mixed. Thus is estab- 
lished a control whereby it is possible 
to obtain any desired sludge index 
within the limits of the characteristics 
of the available sludges, whether these 
sludges be digested or activated 
sludges. 


Control 


In order to test further the efficacy 
of the process and to observe whether 
a change in the character of the sew- 
age or in the method of operation were 
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responsible for the favorable results 
observed, the addition of digested 
sludge was stopped during two 10-day 
intervals, one prior to Period B and 
one after Period B. 

The first test was started when the 
sludge index was 81 and after 10 days 
the sludge index was 353. The second 
test was started when the sludge index 
was 110 and after 10 days the sludge 
index was 283. 

On another occasion immediately 
preceding Period C the aeration tanks 
were drained for cleaning of the air 
diffusers. When the aeration tanks 
were again placed in operation no di- 
gested sludge was added for 6 days. 
At the end of the 6th day the sludge 
index was 261. 

It appears from these control ob- 
servations that the tendency toward 
bulking of the activated sludge per- 
sisted before and after Period B and 
immediately preceding Period C. These 
data seem sufficiently conclusive to sup- 
port the belief that the digested sludge 
and the process of its application here 
presented result in a means of control 
of the sludge index of activated sludge. 


Summary and Conclusions 


Three periods of operation are de- 
scribed, one before the use of the 
process herein presented and two dur- 
ing the use of the process. 

From the data assembled the follow- 
ing conclusions may be drawn: 


November, 1946 


1. That the process affords a means 
of control of the sludge index of 
activated sludge. 

2. That the process reduces the ef. 
fect of shock loads on the activated 
sludge to the end that the period of 
loss of clarification is minimized. 

3. That nitrate nitrogen is added 
to the influent to the activated sludge 
tanks, thus affording an immediate 
oxygen reserve which supplements the 
dissolved oxygen supply in that part 
of the aeration tank where the oxygen 
utilization rate is a maximum. 

4. That the use of the process re- 
quires somewhat greater pumping ¢a- 
pacity for waste activated sludge and 
primary settling tank sludge than is 
required in the conventional activated 
sludge process. 

5. That the process requires no more 
air than the conventional process. 

6. That the process is capable of 
continuous high degree purification. 
7. That the process increases ma- 
terially the load capacity of an acti- 
vated sludge plant. 

8. That the process completely 
eliminates the so-called ‘‘supernatant 
problem.”’ 

9. That the process transforms con- 
ventional activated sludge treatment 
from a sensitive process, incapable of 
continuous high degree purification 
when subjected to shock loads of dis- 
solved organic material, to a rugged 
process with capacity for effectively 
purifying such shock loads. 
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MODERNIZATION OF THE B.O.D. TEST FOR DE- 
TERMINING THE EFFICACY OF SEWAGE 
TREATMENT PROCESSES 


3y Cuan N. Sawyer * AND LELAND BRADNEY 


Special Investigator, South Dakota State Board of Health, and Operating Chemist, 
Sioux Falls, S. D. Sewage Treatment Plant, Respectively 


The effectiveness of sewage treat- 
ment facilities is generally expressed 
in terms of removals of suspended 
solids and biochemical oxygen demand. 
Although the eriterion which deter- 
mines whether a given plant is a suc- 
eess or a failure depends upon whether 
the effluent ean be added to the receiv- 
ing body of water without the de- 
velopment of nuisance conditions at 
all times, the superintendent of a sew- 
age works finds it desirable to have a 
day-by-day record of what his plant 
is accomplishing in regard to removal 
of these factors. 

The measurement of a plant’s ef- 
fectiveness in removing suspended 
solids poses no particularly difficult 
problems as the problem lends itself 
to gravimetric analysis, involving well 
standardized procedures. On the other 
hand, the measurement of a plant’s 
effectiveness in removing or stabilizing 
those substances responsible for B.O.D. 
is quite another matter. This diffi- 
culty was first shown by Theriault (1) 
to be due to a nitrogenous oxygen de- 
mand, thus indicating very poor per- 
centage removals of B.O.D. It is the 
purpose of this paper to re-emphasize 
this serious shortcoming of present 
methods of determining B.O.D. re- 
movals and to present a method of 
overcoming the disadvantage. 


Present Interpretation of 
B.O.D. Results 
The development of the present-day 
B.O.D. test, involving the dilution 
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‘American 


technique, has been largely the result 
of studies carried on by British and 
investigators. In this 
country Hommon and Theriault, work- 
ing for the USPHS, have been most 
instrumental in developing the test to 
its present stage. Their data ob- 
tained upon polluted waters of vari- 
ous degrees have shown the nature of 
the biochemical oxygen demand of a 
water polluted with human wastes to 
be somewhat like that shown in Fig- 
ure 1. 

Their studies have shown the oxygen 
demand during the first ten days to 
be largely a result of biological stabili- 
zation of carbonaceous material. After 
the carbonaceous oxidation is nearly 
complete, conditions allow the de- 
velopment of a nitrifying flora which 
oxidizes the ammonia to nitrites and 
the nitrites to nitrates. This causes 
an increased oxygen demand and re- 
sults in a second inflection in the 
B.O.D. curve as shown in Figure 1. 

The measurement of B.O.D. load- 
ings on sewage treatment plants is 
normally done by means of the con- 
ventional 5-day test. Consequently, 
the course of oxidation does not pro- 
ceed into the nitrification stage and 
only carbonaceous B.O.D. is measured. 
This may be used as 5-day B.O.D. or 
it may be converted to total demand 
but, in any case, it represents only 
carbonaceous B.O.D. loadings. 

Sewage treatment plants are de- 
signed to accomplish in a few hours a 
degree of treatment that would nor- 
mally require several days under nat- 
ural conditions. As a result of this 
accelerated rate, the treatment is often 
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FIGURE 1.—The biochemical oxygen demand curve—showing the influence 
of nitrogenous oxidation in altering the total demand. 





carried into the nitrification stage and 
when B.O.D. tests are run on the final 
effluent a considerable nitrogenous 
B.O.D. will superimpose itself upon 
the small residual carbonaceous B.O.D. 
which exists. Such B.O.D. values, of 
course, are misleading and do not 
allow development of a true picture of 
what has been accomplished in the line 
of carbonaceous B.O.D. stabilization, 
i.e. calculation of per cent removal of 
imposed load. In fact, it is theoreti- 
eally possible for plant effluents which 
are in the so-called ‘‘incipient nitrifi- 
eation stage’’ to exhibit greater 5-day 
B.0.D. values than those shown by the 
untreated sewages. This factor has 
tended to place in a rather unfavorable 
light those operators who strived to 
get a reasonable degree of nitrification 
in their plant effluents. To overcome 
this disadvantage, operators who have 
been fully aware of the nature of the 
biochemical oxygen demand curve have 
tried to hold nitrification to a minimum 
in order to produce a more satisfactory 


B.O.D. removal record. The ‘‘ pros and 
econs’’ of this practice were discussed 
in an editorial by Dr. F. W. Mohlman 
(2) in 1938. 

Another indication that sewage 
works men have been concerned with 
the correlation between high effluent 
B.O.D. and nitrification is centered in 
the arguments concerning the relative 
merits of bicarbonate and phosphate 
dilution waters. One of the major 
arguments advanced in favor of the 
phosphate dilution water was that, be- 
cause of its lower pH, it was less con- 
ducive to the development of nitrifica- 
tion in the B.O.D. bottle. Phosphate 
dilution water has displaced bicarbon 
ate water at some treatment plants on 
this argument alone. These factors all 
add up to indicate that sewage works 
men are not interested in measuring 
nitrogenous B.O.D. if they can avoid 
it. After all, why should we allow 
such interference, if we are concerned 
with the measurement of residual 
carbonaceous B.O.D. in plant effluents, 
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and the determination of plant effi- 
ciencies therefrom ? 


B.O.D. Problems at Sioux Falls 


The sewage treatment plant at Sioux 
Falls treats both industrial (mainly 
packinghouse waste) and domestic 
wastes. The former are given two 
stages of filter treatment before being 
admitted to the activated sludge units. 
The domestic sewage can be treated 
with the industrial wastes on the sec- 
ondary filters or can be sent directly 
to the aeration tanks where it mixes 
with the twice-filtered industrial sew- 
age for final treatment. 

A study of B.O.D. removals accom- 
plished in the aeration unit showed 
tremendous day-to-day variations, with 
negative removals occurring quite fre- 
quently. Although there was some 
correlation between poor removals and 
suspended solids (caused by floating 
sludge) in the final effluent, the corre- 
lation was not perfect and indicated 
that the B.O.D. data might be at fault. 
[t had been the custom to determine 
B.O.D. by setting up one dilution on 
each sample. Instructions were issued, 
therefore, to use two dilutions on the 
final effluent ; usually 10 and 5 per cent 
mixtures were set up thereafter. 

Early results obtained with two di- 
lutions of the final effluent gave in 
most eases considerably higher B.O.D. 
values on the low dilutions, or 10 per 
cent mixtures, as shown in Table I. 
These data indicated that some toxic 
factor might be present in the dilution 
water. Consequently, a study was made 
of dilution waters prepared from dis- 
tilled waters obtained from four other 
sources. All gave the same differences 
as the original water. 

The next step was to check the 
quality of the dilution water by setting 
up different dilutions of other samples, 
such as settled domestic sewage, which 
normally yield rather close B.O.D. 


values in different dilutions. The re- ~ 


sults of this study are shown in Table 
II and indicate that no toxic factor 
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TABLE I.—Showing Variation in B.O.D. of 
Final Effluent as Influenced by Dilution 





5-Day B.O.D. (p.p.m.) 





Date | 
Low Dilution | High Dilution 

(10%) | 5%) 
1-27-45 | 54 | 42 
28 20 17 
29 | 69 46 
30 65 53 
31 | 68 | 50 
2-145 | 38 | 23 
2 | 47 29 
3 63 | 26 
{ 18 | 9 
5 | 63 | 25 

| 
Ave. 51 | 32 


was present, since the different dilu- 
tions checked reasonably well and there 
was no tendency for the low dilution 
to run high. It was concluded there- 
from that the difficulty was not in 
the dilution water but, rather, in the 
nature of the final effluent samples. A 
study of the B.O.D. and nitrification 
data showed that the greatest discrep- 
ancies in B.O.D. values on different di- 
lutions were obtained during periods 
when nitrification was well established. 
A check on the amount of nitrification 
which was occurring in the B.O.D. 
bottle during the 5-day test of final 


TABLE II.—Showing B.O.D. of 
Settled Domestic Sewage 
on Different Dilutions 
of Samples 








5-Day B.O.D. (p.p.m.) 





Date ——— — 
Low Dilution | High Dilution 

2 8-45 - | 153 | 1838 
9 100 | 135 
12 | 153 147 
13 | 133 140 
14 107 100 
15 153 146 
16 187 186 
17 | 190 186 
19 | 184 | 180 
20 | 163 | 173 
Ave. | 152 | 153 
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effluent showed that a large percentage 
of the 5-day B.O.D. was due to oxida- 
tion of nitrogenous matter. 


Pasteurization Procedure Adopted 


In order to eliminate the oxidation 
of nitrugenous matter in the B.O.D. 
test and allow the measurement of 
residual carbonaceous B.O.D., a pas- 
teurization procedure was adopted. 
This consisted of a flash pasteurization 
by heating the sample to 80° C. and 
immediately cooling to 20° C. After 
cooling, the samples were shaken in 
stoppered flasks to saturate them with 
oxygen. A comparison of B.O.D. re- 
sults obtained upon pasteurized and 
unpasteurized samples is shown in 
Table III. It will be noted that 
reasonable checks were obtained with 
different dilutions on the pasteurized 
samples, a good indication that nitrifi- 
eation had been eliminated. 

The question naturally arose as to 
the effect of the pasteurization method 
upon the determination of ordinary 
carbonaceous B.O.D. Several samples 


TABLE III.—Effect of Flash Pasteurization 
at 80° C. on B.O.D. of Final Effluent 


5-Day B.O.D. (p.p.m. 


Unpasteurized Pasteurized 





Date 
Sy waa 
Low | High | Low High 
Dilution | Dilution | Dilution Dilution 
a ee , ee 
3-24-45 | 124 ss | 23 | 98 
25 | 63 48 18 | 16 
26 110 44 | 20 20 
27 126 52 | 22 20 
28 80 | 40 34 | 24 
29 126 72 | 2 | 
30 9: | 7 | 30 | 32 


which do not ordinarily exhibit any 
nitrification during the 5-day test were 
selected and subjected to pasteuriza- 
tion. The results of the studies are 
shown in Table IV and indicate that 
the pasteurization procedure has little 
effect on the determination of normal 
carbonaceous B.O.D. It should be 
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TABLE IV.—Effect of Flash Pasteurization 
at 80° C. on B.O.D. of Samples which 
Showed No Nitrification in 
the nailed wise Test 

| 5-Day B.O.D. ( 








Un- 
Sample pasteurized |! steurized 
Low |High | Low | Higt 
} Dil. | Dil. | Dil. | Dil, 
Domestic Sewage Clari- | 
fier 1h: ... .... + 1 126") 118) | 923) 118 
Domestic Sewage Clari- | | 
her/W0H......4.. : | 133 | 153 | 143 | 153 
Domestic Sewage Clari- | | 
Thing 2 ee | 133 | 133 | 140 | 133 
Ind. Wastes Clarifier | | 
Eff. mae | 475 420 416 | 453 
Prim. Filter C larifier 
| ae a ee 240 ro, om 248 


stated that the dilution water used 
was in all cases seeded with settled 
domestic sewage according to accepted 
practice. 


Optimum Temperature for 
Pasteurization 


The selection of 80° C. used in thie 
early studies was strictly arbitrary. 
In order to determine the lowest flash 
pasteurization temperature which will 
destroy the nitrifying flora in a sample, 
studies were made at temperatures 
ranging from 50° to 80° C., at 5° in- 
tervals. The B.O.D. and _ nitrification 
data obtained are presented in Table 
V. These data show that the nitrify 
ing flora readily succumb at a tempera- 
ture of 55° C. and that higher tempera- 
tures, including 80° C., are not detri 
mental to the determination of residual 
carbonaceous B.O.D. It does not ap- 
pear that there is any particular opti- 
mum temperature but, to insure a 
factor of safety, a temperature of 60° C: 
has been selected as being adequate and 
most suitable. 

In order to determine the effect of 
pasteurization at 60° C. on the de- 
termination of carbonaceous B.O.D., 
all samples which are normally ana- 





st 
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TABLE V.—Effect of Flash Pasteurization 
Temperature on B.O.D. and Nitrification 




















of Final Effluent 
| Change in 
ie ainsi 5-Day B.O.D. (p.p.m.) Oxidized-N 
tion Temp. = a 
©) | Low High High 
| Dilution Dilution Dilution 
Control 66 36 +0.38 
50 57 32 +0.11 
55 24 24 —0.06 
60 22 22 —0.09 
65 23 22 —0.01 
70 22 20 —0.06 
75 23 24 —0.06 
80 23 | 22 —0.06 








lyzed in the Sioux Falls laboratory 
were subjected to the test. The results 
are given in Table VI and illustrate, as 
did the data in Table IV, that pasteuri- 
zation does not seriously interfere with 
the regular B.O.D. test as used for 
measuring carbonaceous B.O.D. 


TABLE VI.—Effect of Flash Pasteurization 
at 60° C. on B.O.D. 








5-Day B.O.D. (p.p.m.) 


MODERNIZATION OF B.O.D. TEST 











Sample |Unpasteurized | Pasteurized 

Low | High | Low | High 

Dil. | Dil. | Dil. | Dil. 

Industrial Raw..... 760 | 840 | 720 | 720 
Indust. Clar. Eff... .| 295 | 280 | 315 | 340 
Ps HUM PW: oreo srs 240 | 260 | 230 | 240 





Pr. Filt. Clar. Eff....| 1830 | 140 | 110 | 110 


Domestic Raw.....| 328 | 310 | 302 | 305 
| 125 


Dom. Clar. Eff...... | 125 | 130 | 125 
& 

‘Sec. Filt. Eff.......] 64 | 48 | 24] 2] 

‘Sec, Filt. Clar. Eff.| 55 | 31 | 18 | 20 

*Final Effuent.....| 23 17 10 9 














* Denotes samples which were in nitrification 


Stage. 


Chlorination vs. Pasteurization 


It has been reported that chlorina- 
tion of final effluents from biochemical 
treatment plants frequently results in 
marked reductions of B.O.D. It was 
suspected by the authors that chlorina- 
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tion might accomplish results similar 
to those obtained by pasteurization 
through destruction of the nitrifying 
flora. Therefore, a series of samples 
were subjected to B.O.D. analysis using 
pasteurized, chlorinated, and unpas- 
teurized portions. Duplicate bottles 
were set up in all cases to determine 
the extent of nitrification in the 5-day 
period. 

The results are given in Table VII 
and show that practically identical 
B.O.D. values were obtained on the 
pasteurized and chlorinated samples 
and that no appreciable nitrification 
occurred in these cases. On the other 
hand, the B.O.D. of the unpasteurized 
samples was much higher and the in- 
erease could be accounted for largely 
by the oxygen required in nitrification. 
These data show that pasteurization as 
recommended is no more drastic in its 
action than chlorination, and that both 
allow a reasonable development of the 
earbonaceous B.O.D. which remains, 
provided the dilution water used is 
properly seeded. In the chlorination 
studies all excess chlorine was dissi- 
pated with sodium sulfite before setting 
up the B.O.D. tests. 


Discussion 


The B.O.D. of sewage treatment 
plant effluents is normally determined 
for two distinct reasons, namely, to 
ascertain the removals accomplished 
by the treatment processes and to gain 
information on the loading of B.O.D. 
on the receiving body of water. 

The case for modifying the B.O.D. 
test to obtain the former information 
has been presented. It may be argued 
that the situation at Sioux Falls was 
exceptional and that in normal plant 
effluents such differences would not ex- 
ist. Such is not the condition, how- 
ever, as the authors know of other 
plants in this country which encounter 
similar troubles. Townend (3) has in- 
dicated trouble with final effluent 
B.O.D. at the Mogden plant in England 
and correlates the trouble with nitrifi- 








1118 SEWAGE WORKS JOURNAL 





November, 1946 


TABLE VI1.—Effect of Pasteurization and of Chlorination on B.O.D. 


of Partially Nitrified Effuents 


Results in P.P.M. 


| 


Conditions Dilution (%) 
B.O.D. ANO2-N ANO;-N ene 
Secondary Filter Effluent 
Unpast.. . fe 20 +0.33 +0.50 
Unpast... . 10 72 +0.22 +1.09 57 
Unpast.. . i 5 $1 —0.01 +0.22 21 
Past... ... 20 24 +0.11 | +0.05 
Past... 10 24 —0.01 +0.04 
ae o 26 +0.11 +0.01 
Chor... ... 20 22 +0.04 | +0.07 
Chlor. 10 25 +0.02 +0.01 
Chlor. 5 22 +0.06 +0.03 
City Final Effluent 
Unpast.... 20 >37 —0.17 + 1.20 24 
Unpast...... SAS 10 32 — 0.24 +0.47 13 
ae 20 10 0.00 | —0.26 
Fast. ..... 10 9 —0.02 —0.05 
Chlor..... 20 9 —0.01 | —0.10 
Chior: .... 10 8 -0.01 | +0.05 
Army Final Effluent 
Unpast... 20 17 + 0.64 0.00 11 
Unpast.. . 10 : +0.04 —().10 
ae ata 20 7 0.00 —0.22 
SS ae 10 6 +0.01 | —0.27 
Chlor. . . m 20 | 6 0.00 | —0.09 
Chior... . 10 6 0.00 —0.08 


A—Increase in nitrite and nitrate nitrogen during incubation test. 


eation. Furthermore, it must be con- 
ceded that exaggerated conditions are 
the ones most prone to demonstrate 
weaknesses or shortcomings in methods 
of analysis. It is logical to conclude 
that a system of analysis which is 
shown to be unsatisfactory under a 
given set of conditions will undoubt- 
edly prove unreliable at other loca- 
tions where similar conditions are 
attained, the difference being largely 
one of degree as influenced by intensity 
of nitrifying conditions. 


It is questionable whether we should 
modify the present method of de- 
termining the B.O.D. of final efflu- 
ents in order to ascertain the loading 
imposed upon the receiving waters. 
It can be argued that it is only the 
carbonaceous B.O.D. which is signifi- 
cant, as it is the only form which ab 
stracts dissolved oxygen from the 
water and renders such oxygen non- 
available. The nitrogenous B.O.D., on 
the other hand, abstracts dissolved 
oxygen from the water but converts a 








Vol. 18, No. 6 


major part of it into forms (nitrites 
and nitrates) which act as oxygen re- 
serves and which will yield oxygen to 
prevent or delay the development of 
anaerobic conditions. 

One consideration which must be 
taken into account is, of course, 
whether the receiving waters are ex- 
pected to maintain dissolved oxygen 
concentrations above certain minimum 
values or whether prevention of the 
development of anaerobic conditions is 
the basic consideration. The situation 
is not as clearly defined as it may seem. 
To illustrate this point, dissolved oxy- 
gen data obtained on the Big Sioux 
River under ice cover, during the 
winters of 1942 and 1945, are pre- 
sented in Table VIII. 

It will be noted that, though the 
3.0.D. of the effluents during Febru- 
ary, 1942 was somewhat higher than 
in January, 1945, the river flow was 
also higher during the former period 
and B.O.D. loadings per unit volume 
of dilution water were nearly the same. 
In spite of this, the dissolved oxygen 
conditions in the river were entirely 
different. This would seem to indicate 
that a considerable difference existed 
in the nature of the B.O.D. during 
February, 1942 as compared to Janu- 
ary, 1945. 

Although no nitrogen data were ob- 
tained on the final effluent during the 
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former period, it is strongly suspected 
that oxidized forms of nitrogen were 
lacking. During the winter of 1941- 
42, the Sioux Falls plant was severely 
overloaded and it is reasonable to as- 
sume that nitrification was very limited 
and that the B.O.D. shown by final 
effluent analysis was due largely to 
stabilization of carbonaceous residues. 
In the period between 1942 and 1945 
considerable expansion of plant facili- 
ties was made and studies conducted 
during the winter of 1945 showed 
nitrification to be quite extensive and 
a large part of the effluent B.O.D. was 
due to nitrogenous oxidation. 

These data naturally raise the ques- 
tion as to just how valuable are our 
B.0O.D. data for determining the load- 
ing on rivers, lakes and streams. The 
authors have concluded that it is ques- 
tionable whether nitrogenous B.O.D. 
data obtained at 20° C. can be trans- 
lated to natural conditions at much 
lower temperatures. 

For the time being, it would appear 
that the B.O.D. of final effluents in 
which nitrification is a significant fac- 
tor should be determined in two ways: 
One designed to inhibit nitrification 
so as to allow measurement of carbo- 
naceous B.O.D. for purposes of de- 
termining plant removals and efficien- 


cies and, another, the conventional 


TABLE VIII.—Comparison of Final Effluent B.O.D. and Dissolved 


Oxygen in the Big Sioux River During Two Winter Seasons 





Effluent River | 
Date B.0.D.* Flow = — 
(p.p.m.) (c.f.8.) | Sta. 1+ 
2- 4-42 98 42 | 124 
11 108 36.7 12:3 
18 67 34.2 15.2 
23 48 Sao .|, Ces 
l- 4-45 45 25.8 | 124 
1] 50 2032" fe HOE 
18 60 23.3 | 11.4 
25 47 23:3 | 10:2 
2- 1-45 61 25.8 | 12.7 





Dissolved Oxygen (p.p.m.) 





| Sta. 2 | Sta.3 | Sta.4 | Sta.5 
0.0 | 0.0 0.0 0.0 
0.0 0.0 0.0 2.3 
2.2 0.6 22 3.9 
0.0 | 2.6 3.6 1.6 
9.8 9.6 7.0 7.0 
| 7.8 6.8 7.6 6.8 
94 | 7.9 7.7 6.8 
| 8.2 | 6.3 6.4 8.5 
| 10.6 | 9.9 9.6 9.0 








* Effluent B.O.D.—Average for three days prior to sampling of the river. 


| Sta. 1 located on river above outfall sewer of treatment plant. 
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method for determining loadings on 
receiving bodies of water. 


Summary 


1. The biochemical oxygen demand 
of effluent waters from biological treat- 
ment processes may be largely due to 
nitrogenous oxidation. 

2. Pasteurization or chlorination of 
such effluent waters will arrest nitrifi- 
cation and allow carbonaceous B.O.D. 
to be measured, provided a seeded di- 
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lution water is used and excess chlorine 
has been destroyed. 

3. Flash pasteurization at 60° to 
80° C. with subsequent cooling to 20° C, 
has been found to be a satisfactory 
procedure for destroying the activity 
of the nitrifying organisms. 

4. The measurement of residual 
carbonaceous B.O.D. without interfer- 
ence from nitrogenous B.O.D. allows 
determination of plant efficiencies in 
terms of plant loadings. 
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PREAERATED RAW SLUDGE RECIRCULATION IN- 
CREASES PRIMARY SEDIMENTATION 
EFFICIENCY AT DENVER 


By C. P. Gunson 


Superintendent, Sewage Treatment Plant, Denver, Colorado 


The Denver sewage treatment plant 
was placed in operation in December, 
1937. Designed to treat a flow of 54 
m.g.d., the plant comprises the follow- 
ing units (Figure 1): 


a) One Venturi meter; capacity 120 
m.g.d. 

(b) Three bar sereens equipped with 
Rex cleaning equipment and 
screening shredders. 

¢) Two grit chambers equipped with 
Rex grit removal equipment and 
affording a velocity of 1 f.ps. 
when both in operation at the 54- 
m.g.d. rate. 

d) A preaeration tank equipped for 
spiral flow air diffusion and for 
skimming of grease; detention pe- 
riod 15 min. at the design flow; 
air eapacity for 0.02 eu. ft. per 
val. at design rate. 

¢) A floeeulation tank of the same 
capacity as the preaeration tank 
and equipped with Dorr floceula- 
tion equipment. 

(f) Four Dorr elarifiers of 140-ft. 
diameter, affording a detention 
time of 1.96 hr. at the design flow 
of 54 m.g.d. 

(g) Three pairs of magnetite filters. 
(These units were last used as 
filters in the summer of 1942, at 
which time the equipment -was dis- 
mantled and the tanks put to use 
as post-chlorination contact tanks. ) 

(h) Four 95-ft. diameter by 30-ft. deep 
digesters, all equipped with P.F.T. 
floating covers; design capacity 2 
cu. ft. per capita. 

(() Sixty-eight open sludge drying 
beds having natural underdrain- 
age; each unit 80 ft. by 100 ft. 


(7) A chemical control building for 
the application of lime and ferric 
chloride (by Secott-Darcey Pro- 
cess). (These facilities were pro- 
vided for use at times of critical 
stream conditions; their operation 
has not yet been justified except 
on a trial basis because of cost 
considerations. ) 


When the continuous operation of 
the magnetite filters was suspended in 
1939, several experimental efforts were 
made to employ the preaeration, floccu- 
lation and sedimentation units so as to 
secure improved results over those 
normally expected from primary treat- 
ment. These experiments were to no 
avail, however, until March, 1940 when 
a procedure was tried involving the 
return of part of the raw sludge from 
the primary tanks to the sewage enter- 
ing the preaeration tanks. 

Twenty-five per cent of the raw 
sludge was thus recirculated, being 
thoroughly mixed with the sewage in 
the course of preaeration. The sewage- 
sludge mixture was then flocculated 
and put through the primary sedimen- 
tation tanks, with interesting and 
promising results. 


Transitional Observations 


Within 24 hours after the commence- 
ment of the raw sludge return the sedi- 
mentation tanks showed evidence of 
slight septicity. After another 24 
hours this condition abated but there 
was not at this time any indication of 
improvement in solids removal. 

The recirculated sludge was dark 
brown in color at the beginning of the 
experiment but, as the study progressed 
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FIGURE 1.—Air view of Denver sewage treatment plant: (1) Administration Bldg., 
(2) Screen House, (3) grit chambers, (4) Chemical Bldg., (5) preaeration and floccula- 
tion tanks (6) primary settling tanks, (7) magnetite filters (now dismantled), (8) sludge 
digestion tanks, (9) sludge drying beds. 


for a 10-day period, the color changed 
to a very light brown. 

Daily determinations of suspended 
solids were made of the sewage before 
admixture of return sludge and of the 
preaerated and flocculated sewage- 
sludge mixture entering the settling 
tanks. It was not until the solids con- 
centration of the flocculated mixture al- 
most doubled the solids content of the 
raw sewage that improved removal of 
suspended matter was effected by sedi- 
mentation. 

The average removal of suspended 
solids before the raw sludge return 
experiment was about 70 per cent. 
After 10 days of sludge return the 
removal of solids improved to about 
80 per cent. This highly satisfactory 
removal held for the next 12 days, after 
which there followed 2 days of rela- 
tively poor results before removals in 
the 80 per cent range resumed. 

This interesting cycle repeated itself 
for the next nine months. During this 
period there was no overall improve- 
ment in B.O.D. removal. 


After careful observation and study 
of this cycle it was decided that the 
heavy floc created by the returned 
sludge was gradually broken down by 
the continuous recirculation until a 
portion of it became so disintegrated 
that it would no longer settle. When 
this point was reached the fines passed 
through the sedimentation tanks in the 
effluent, thus causing the poor re- 
movals. After these non-settleable par- 
ticles were discharged the floe would 
then regain its density and a period 
of good removals would ensue. 

It followed from this reasoning that 
if the cyclical disintegration of the 
floe could be controlled, a beneficial 
‘levelling action’’ could be obtained. 
It was realized that such control would 
probably require the sacrifice of some 
of the higher efficiencies but this cost 
was not deemed excessive if the periods 
of low removal could be eliminated. 


Modified Experimental Procedure 


In an effort to attain the above aims, 
a temporary wood box, equipped with 
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air diffusion grids, was built at the was then paid to the relationship be- 
inlet end of the preaeration tanks for tween the condition of the sludge aera- 
the purpose of giving preliminary tion box and the degree of B.O.D. re- 
aeration to the return sludge before moval. 

admixture with the sewage. This box These observations led to the con- 
was 18 ft. long, 12 ft. wide and 5 ft. clusion that if the walls and floor of 
6 in. deep, having sufficient volume to the box were not washed clean, most of 
afford a retention time of 1 hour for the accumulated solids could be re- 
the return sludge flow. moved without affecting the B.O.D. re- 

The results of this preliminary aera- moval. It was also found that the 
tion of the recirculated sludge were im- removals of both suspended solids and 
mediately evident. Removal of sus- B.O.D. were reduced if the contents 
pended solids at the sedimentation of the sludge box were kept in suspen- 
tanks remained consistently at about sion by violent aeration with a very 
78 per cent. Furthermore, it was noted high rate of air application. Best re- 
that B.O.D. removal also. improved sults were secured when the returned 
markedly, increasing to about 54 per raw sludge was agitated gently, the 
eent from its original average of about heavy solids and rags being removed 
13 per cent. daily without draining the box. 

After the temporary recirculated 
sludge aeration box was in operation 
for a short time it was found that a Table I shows a comparison of yearly 
oreat many solids and rags deposited average removals of suspended solids 
therein, regardless of the amount of and B.O.D. for the period 1939-42, 
turbulence induced by the applied air. inclusive. These data include a full 
The rate of air application was ap- year of results before the recirculation 
proximately 3 cu. ft. per gal. of sludge. of raw sludge was practiced, the re- 
As the box filled with solids, the de- sults during the experimental work and 
tention time was proportionately re- the results accomplished during 1942 
duced until it became necessary to re- when the temporary sludge aeration 
move the accumulation. box was in service. 

The first time this was done the box It will be noted that there was a 
was washed clean. Upon restoration to progressive increase in sewage flow 
service thereafter a definite reduction during the 4-year period and that the 
was noted in B.O.D. removal and sev- raw sewage strength increased sharply 
eral days passed before good removals in 1940, remaining fairly constant for 
again took place. Particular attention the period 1940-42, inclusive. 


Experimental Results 


TABLE I.—Comparison of Solids and B.O.D. Removals at Denver, Colo. 
Before and After Trial of Raw Sludge Recirculation 











Suspended Solids | 5-Day B.O.D. 




















Sewage | a" ss | : ‘- eae | Cee 
Year Flow | Removal Removal 
| (m.g.d.) Raw Settled. |. CCC Settled | 
(p.p.m.) | (p.p.m.) | (p.p.m.) (p.p.m.) Teta ae 
P.P.M. | Per Cent P.P.M. | Per Cent 
1939 | 387 | 145 | 43 | 102 | 704 | 170 94 76 | 44.7 
1940* 40.8 {| 200 | 45 155 | 77.5 | 218 123 90 42.5 
1941¢ | 45.5 | 197 | 42 155 | 78.5 217 116 101 46.5 
1942 | 53.1 | 196 | 37 ~=|~=«159 | 81.1 222 91 131 59.0 











* Return of 25 per cent of raw sludge to inlet of preaeration tanks begun in March, 1940. 
} Temporary return sludge aeration box placed in operation in early summer of 1941. 
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FIGURE 3.—Permanent return sludge aeration tank in foreground; 
sewage preaeration tanks at left. 


Permanent Facilities 


The experimental return sludge aera- 
tion box was kept in service until 
March, 1943, when it was replaced by 
a permanent concrete tank (Figures 2 
and 3). In the course of this work, 
it was necessary to suspend preaeration 
of the return sludge for a 60-day pe- 
riod, the return sludge being sent di- 
rectly to the sewage preaeration tanks 
as was done in the first experiments. 


Immediately upon elimination of the 
return sludge preaeration step, the 
B.0.D. removal dropped to 45 per cent 
and less and the solids removal re- 
turned to the fluctuating cycle previ- 
ously described. 

The new concrete tank is 26 ft. long, 
16 ft. wide and was first placed into 
operation with a 3-ft. water depth. 
Upon placing it in service, the same 
‘‘breaking in’’ period of about 10 days 
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TABLE II.—B.O.D. and Suspended Solids Removals in 1944, 1945 and 1946. 


Permanent Sludge Preaeration and Recirculation Facilities in Operation 












































Solids B.O.D. 
Date ——_———_——_—_—————. — Sewage Flow 
| Raw | Settled Removal Raw | Settled | Removal (m.g.d.) 
| (p.p.m.) (p.p.m.) | (%) | (p.p.m.) (p.p.m.) | (%) 

1944 
Jan.. 248 54 78.2 299 144 51.8 50.4 
Feb. . 291 64 78.1 290 143 50.7 52.6 
Mar. 198 52 73.8 251 | 128 | 486 | 6524 
Apr. 199 52 74.0 232 | «#1138 «| «(512 | 48.2 
May.. 176 46 73.8 229 119 | 48.1 51.3 
June. . 162 40 75.3 213 107 | «49.7 | «47.3 
July 189 | 45 75.8 209 | 106 49.3 45.3 
Aug. 162 36 77.7 219 | 93 | 57.6 51.1 
Sept 165 39 76.4 206 | 93 54.8 55.6 
Oct. 216 36 | 83.3 239 | 88 63.1 | 53.3 
Nov. 202 46 | a 238 | 110 53.8 | 50.9 
Dec. 192 48 | 75.1 | 253 118 53.3 50.5 
Ave. 200 47 «| «(76.5 ~=(«|~S 240 113 52.7 50.7 

| 

1945 | 
ek... 207 62 | 70.0 243 123 49.3 51.6 
Sok cs 190 76 | 60.9 246 149 40.8 51.4 
Mar ee 59 | 65.6 211 109 48.2 52.5 
Aor.........| 2 63 71.3 251 119 52.6 50.5 
May........ 201 57 716 | 254 111 56.4 50.9 
DN end ws 190 52 | 726 | 228 106 53.4 51.6 
guly.....: .. 189 | 53 72.0 189 90 51.6 56.9 
eee 196 54 | 71.8 172 | sl | 52.9 57.2 
a aa | 730 | 194 94 | 51.6 54.0 
Oct.........., 187 | 65 | 650 | 198 | 109 | 449 47.4 
ere | 191 64 | 66.5 214 114 | 46.7 43.8 
Dec...... 212 54 | 74.5 | 247 | 111 55.1 48.3 
7 SS et cael | os se ee ee 
Ave. 195 59 | 69.6 | 220 | 109 | 50.3 51.3 

| | 

1946 | | 
Jan....... 204 12.7 79.0 | 247 114 53.6 47.3 
Feb... . 235 56.0 76.2 274 143 47.7 47.5 
Mar... 208 45.8 | 77.9 276 «=| ~=«139 49.5 46.9 
Apr... 216 48.5 77.6 246 | 106 | 567 47.4 
May. ....... 202 47.9 76.3 237, | «=6100 |S «57.9 50.1 
Ave. 212 48.0 | 774 | 256 53.1 


was required before results could be ob- 
served, as was noted when the experi- 
mental box was put into operation in 
1941. After the initial conditions 
stabilized, however, it was found that 
the permanent installation did not give 
as good results as did the temporary 
sludge aeration box. 

The most obvious difference between 
the temporary and permanent sludge 
aeration boxes was in the liquor depth, 





which was 5 ft. 6 in. in the former and 
3 ft. in the latter. The liquor depth 
was then increased to 3 ft. 6 in., the 
maximum possible without major re- 
construction, after which B.O.D. and 
solids removals approached the favor- 
able accomplishment of the deeper ex- 
perimental unit. 

Table II gives results of operation 
with the permanent return sludge aera- 
tion tank in service for the years 1944— 
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45 and the first five months of 1946. 
A significant saving in applied air was 
effected with the new tank; present air 
consumption is only 0.3 cu. ft. per gal. 
of return sludge as compared to 3 cu. 
ft. per gal. in the temporary wood box. 

It will be noted that the removals of 
B.O.D. and suspended solids during 
certain months of 1945 were markedly 
lower than in 1944 and 1946. This was 
a result of industrial wastes originating 
at the Denver Ordnance Plant, which 
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were discharged to the municipal sew- 
age works during parts of 1945 while 
the waste treatment facilities at the 
ordnance plant were being rebuilt. 

It is intended to reconstruct the ex- 
isting return sludge preaeration tank 
so as to increase the liquor depth to 5 
ft. 6 in. With this change, it is an- 
ticipated that B.O.D. removals can be 
achieved approaching 60 per cent in 
summer and 955 per cent in winter. 
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CONTROL OF SEWER USAGE AT DETROIT, 
MICHIGAN 


By CLYDE L. PALMER 


Senior Associate Engineer 
Engineer’s Office, 


the time when sewers were 


since 
first provided for the purpose of re- 
moving human wastes and storm water 
from the domestic environment, an in- 
ereasing number of additional uses have 


been made of this service. The neces- 
sity for control of the usage of public 
sewers arises principally because of the 
unusual and diversified demands to 
which a sewer system and sewage 
treatment plant may be subjected by 
the introduction of industrial or com- 
mercial type wastes into a system pri- 
marily intended to dispose of domestic 
sanitary wastes. 


Theory of Proposed Control 
at Detroit 


The capacity of sewage works to ab- 
sorb the unusual demands caused by 
industrial or commercial type wastes 
depends upon the several factors of 
design and plan of the sewer system 
and the type of treatment process in 
use. Theoretically, any rules or regu- 
lations made for the purpose of sewer 
use control should be statements de- 
fining the available capacity or ability 
of the collection and treatment facili- 
ties for absorbing the demands of in- 
dustrial or commercial type wastes. 

The composition of industrial or com- 
mercial type wastes in a large manu- 
facturing community, such as Detroit, 
is of great complexity in all degrees of 
concentration, being characteristically 
variable and changing radically as new 
materials and new processes are put in- 
to use. 

Because of the variable character- 
istics of industrial or commercial type 
wastes, the ‘‘Standards and Regula- 
tions’? for sewer use control should 


of Sanitary Design, City 


Detroit, Michigan 


avoid as far as possible the naming of 
specific materials and adhere to the 
principle of defining the characteristics 
and effects which are to be subjected 
to control. 


Local Conditions Governing 


The Detroit conditions for which the 
‘‘Standards and Regulations’’ are de- 
signed to apply are, briefly, as follows: 


1. Geographically, Detroit is located 
at the source of the Detroit River, 
which flows between Lake St. Clair 
and Lake Erie. The Detroit River, 
with an average flow of about 180,000 
e.f.s., receives the storm water run-off 
of the area together with the effluent 
from the sewage treatment plant. 
Downstream from Detroit are many 
smaller communities which obtain their 
raw water supply from the Detroit 
River or Lake Erie. The Detroit water 
supply is slightly alkaline, with an 
average pH value of about 7.6. 

2. As to sewerage, the existing con- 
duits are constructed on the com- 
bined plan, with minimum velocities of 
3 ft. per sec. The larger physical 
structures of the system are built of 
either brick masonry or econerete, the 
smaller, of vitrified or concrete pipe. 

3. The storm flows are discharged to 
the Detroit and Rouge Rivers. The dry 
weather flow is diverted through me- 


chanical regulators to the sanitary 
interceptors leading to the sewage 


treatment plant. 

4. The sewage treatment plant con- 
sists of plain sedimentation, vacuum 
filtration, incineration, and chlorina- 
tion, with facilities for digestion of 
one-eighth of the sludge load. 
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Definitions Adopted 


For purposes of clarity in the ap- 
plication of the ‘‘Standards and Regu- 
lations,’’ the following definitions are 
intended : 


Sewage is all liquids and wastes flow- 
ing in the sewers, and may be a mixture 
in any proportion of the following 
three components: sanitary wastes, in- 
dustrial or commercial wastes, and 
storm water. 

Storm water is that part of the rain- 
fall that reaches the sewers as run-off 
from the natural land surface, build- 
ing roofs or pavements, or as ground 
water infiltration. 

Sanitary wastes are the solid and/or 
liquid human wastes only, including 
such quantities of water as may be 
used for the transportation thereof. 

Industrial or commercial type wastes 
are the liquid and/or solid wastes from 
industrial or commercial processes. It 
should be noted that such wastes as 
ground garbage or laundry water, etc. 
originating in a home will be included 
in this classification. 


Practical Applications 


The proposed ‘‘Standards and Regu- 
lations’’ for controlling the use of 
Detroit sewers place no limitations on 
sanitary wastes as defined above. 

The ‘‘Standards and Regulations’’ 
are designed to permit the maximum 
service to the producer of industrial or 
commercial type wastes without caus- 
ing damage to or restricting the func- 
tion of the sewer system or sewage 
treatment plant, and without endanger- 
ing public health and safety or being 
inimical to the public interest. 

Sewer use control as proposed for 
Detroit will employ’an ordinance pro- 
hibiting the discharge into the sewer- 
age system of any ‘‘deleterious’’.ma- 
terial as defined by the ‘‘Standards and 
Regulations’’ established by the City 
Engineer. 

The proposed ‘‘Standards and Regu- 
lations’’ for controlling the use of 
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Detroit sewers through the definition 
of ‘‘deleterious’’ material are as fol- 
lows: 


Standards and Regulations Controlling the 
Discharge of Industrial or Commercial 
Type Wastes into the Detroit 
Sewer System 


Any waste will be considered ‘‘deleteri 
ous’? that may cause damaging effects as 
stated under ‘‘General Conditions’’ and/or 
does not conform to the limitations stated 
under ‘‘Specific Conditions. ’’ 


General Conditions: 


(a) Chemical reaction, either directly or 
indirectly, with the materials of construction 
to impair the strength or durability of sewer 
structures. 

(b) Mechanical action that will destroy 
or damage the sewer structures. ; 

(c) Restriction of the hydraulie capacity 
of sewer structures. 

(d) Restriction of the normal inspection 
or maintenance of the sewer structures. 

(e) Placing of unusual demands on the 
sewage treatment equipment or process. 

(f) Limitation of the effectiveness of the 
sewage treatment process. 

(g) Danger to public health and safety. 

(h) Obnoxious conditions inimical to the 
public interest. 


Specific Conditions: 


(a) Acidity or alkalinity must be neutral- 
ized to a pH of 7.0 as a daily average on a 
volumetric basis, with a maximum temporary 
variation of pH 5.0 to 10.0. 

(b) Must not contain more than 10 p.p.m. 
of the following gases: hydrogen sulfide, 
sulfur dioxide, nitrous oxide, or any of the 
halogens. 

(c) Must not contain any explosive sub- 
stance. 

(d) Must not contain any flammable sub- 
stance with a flash point lower than 187° F. 

(e) Must have a temperature within the 
range of 32° to 150° F. 

(f) Must not contain grease or oil or other 
substance that will solidify or become viscous 
at temperatures between 32° and 150° F. 

(g) Must not contain insoluble substance 
in excess of 10,000 p.p.m. or exceeding a daily 
average of 500 p.p.m. 

(h) Must not contain total solids (soluble 
and insoluble substance) in excess of 20,000 
p.p.m. or exceeding a daily average of 2,000 
p-p-m. 

(i) Must not contain soluble substance in 
concentrations that would increase the vis- 
cosity to greater than 1.1 specific viscosity. 
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(j) Must not contain insoluble substance 
having a specifie gravity greater than 2.65. 

(i) Must not contain insoluble substance 
that will fail to pass a No. 8 Standard sieve, 
or laving any dimension greater than % 
inch. 

(1) Must not contain gases or vapors either 
free or occluded, in concentrations toxic or 
dangerous to humans or animals. 

Must not have a chlorine demand 


greater than 15 p.p.m. 
Must not contain more than 100 
p.p.m. of any antiseptic substance. 


») Must not contain phenols in excess of 
0.005 p.p.m. 

Must not contain any toxic or irritating 
substance which will create conditions 
hazardous to public health and safety. 

q) Must not contain in excess of 100 
p.p.m. or exceed a daily average of 25 p.p.m. 
of any grease or oil or any oily substance. 


All of the preceding ‘‘Standards 
and Regulations’’ are to apply at the 
point where industrial or commercial 
type wastes are discharged into a pub- 
lic sewer. Furthermore, all chemical 
and/or mechanical corrective treatment 
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must be accomplished to practical com- 
pletion before this point is reached. 


Conclusion 


The request for a definite statement 
as to the quality of industrial and com- 
mercial type wastes that may safely be, 
discharged into a public sewer system 
has come generally from the producers 
of this type of waste, in their desire to 
co-operate and assume their proper re- 
sponsibility. 

The ‘‘Standards and Regulations”’ 
presented herein are intended as a 
statement of the maximum service that 
can be extended to the producers of 
industrial and commercial type wastes, 
consistent with the limitations of the 
sewage collection and treatment facili- 
ties and fair public policy. Inasmuch 
as very little information of this nature 
has appeared in the literature, con- 
structive criticism on the subject of this 
article would be welcomed. 











EFFECTS OF COPPER-BEARING WASTES ON SLUDGE 


DIGESTION * 


BY 2. 


T. RupGAL 


Superintendent, Sewage Treatment Plant, Kenosha, Wis. 


The Kenosha sewage treatment plant 
experienced serious sludge digestion 
troubles in 1940 and 1943. On both 
oceasions the difficulties were caused 
by excessive concentrations of copper 
in the plant digesters. The source of 
copper in each case was found to be 
copper bearing pickling and rinse water 
wastes from a large copper and brass 
products industry. 

The Kenosha plant is now complet- 
ing its sixth year of operation, during 
which time varying amounts of copper 
have always been present in the sew- 
age and in the raw and digester 
sludges. It may be of interest and 
value to review the facts pertaining to 
copper and its effects on sludge diges 
tion at Kenosha. 


Early Experience 


Sewage treatment operations were 
started in August, 1940. During the 
first month of sludge digestion, gas 
production was very poor, averaging 
only 0.7 eu. ft. per Ib. of volatile 
matter added to the digesters. As the 
digesters were started without seed 
sludge, the poor digestion results at 
this time were not considered to be 
serious. When the poor digestion con- 
tinued, however, investigations and re- 
search were started to determine the 
cause. 

Every industrial plant in the city 
was visited and a recheck made on the 
amount and nature of all industrial 
wastes being discharged into the sewer 
system. By process of elimination, lab- 
oratory checks and data obtained, it 
was concluded that copper present in 


* Presented at 18th Annual Meeting, Cen- 
tral States Sewage Works Assn.; Lafayette, 
Ind.; June 13-14, 1946. 
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the processing wastes of a large brass 
industry must be the toxie element 
affecting the sludge digestion process. 

To try to prove quickly that the 
copper-bearing wastes, which also in- 
eluded considerable oil and grease, 
were the cause of the unsatisfactory 
sludge digestion, it was decided to 
eliminate these wastes from the flow 
reaching the plant. This was done by 
by-passing directly to Lake Michigan. 
without treatment, the intercepting 
sewer carrying the copper and _ oil) 
wastes, together with about 35 to 40 
per cent of the city’s domestic sewage 
flow. 

Originally this procedure was to be 
a temporary measure, but unfortu 
nately the necessity for continuance 
of this by-passing practice still exists, 
so that since October, 1940, the plant 
has been operated for the treatment 
only of the balance of the city’s sew- 
age flow. In the interim, negotiations 
and litigation have been carried on, 
with the matter finally reaching the 
State Supreme Court. To date, how- 
ever, the copper waste problem has not 
been settled. 


1940 Studies 


Figure 1 shows 1940 digestion data 
with respect to daily sludge gas pro- 
duction for 6 months starting with 
August 1. During the first 214 months 
all of the city’s sewage, including the 
copper and oily wastes, received treat- 
ment at the plant. It is very evident 
that during this period digestion re- 
sults were very poor. Gas production 
during this time averaged only 2,600 
cu. ft. per day or approximately 0.5 
eu. ft. per lb. of volatile solids added 
to the digesters. 
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FIGURE 1.—Digester gas production at Kenosha in 1940-41, 
showing influence of copper in sludge. 


During the time of poor sludge di- 
vestion, the copper concentration in the 
digesters gradually increased. A Sep- 
tember, 1940 analysis of digester con- 
tents showed 1,400 p.p.m. Cu to be 
present. In October, the copper had 
increased to 2,500 p.p.m. in the raw 


sludge and over 3,000 p.p.m. in the 
digesters. Obviously, from the diges- 
tion results obtained, this concentra- 


tion of copper was just too much for 
the digesters to assimilate without a 
serious detrimental effect on biological 
conditions within the digesters. 

On October 16, 1940, the sewer 
carrying the copper and oily wastes 
was diverted by plugging the orifice 
which connected this line with the in- 
tercepter leading to the sewage treat- 
ment plant. 

At about the same time a consider- 
able amount of sludge was removed 
from the digesters in order to help 
reduce the copper concentration in 
these units. From Figure 1 it is ap- 
parent that within 10 days after the 


elimination of the copper wastes from 
the sewage flow, gas production im- 
proved slightly and continued to im- 
prove slowly but steadily from then on. 

During November, gas production in- 
ereased to 4 times that in October but 
was still at a rate of only 2.05 eu. ft. 
per lb. volatile matter. During the 
following months of December, Janu- 
ary and February, digestion was fur- 
ther improved so that for these three 
months the gas production rate was 
7.0, 10.1, and 11.3 eu. ft. per lb. vola- 
tile matter added to the digesters, re- 
spectively. 

This was conclusive proof that the 
copper- and oil-bearing wastes, in the 
quantities received and removed at the 
sewage treatment plant, had been the 
inhibiting factors and the cause of the 
previous unsatisfactory sludge diges- 
tion results. 


1943 Studies 


In 1943 there was a recurrence of 
digestion troubles. Again copper and 
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brass processing wastes, but from a 
new source—a war industry—produced 
conditions at the sewage plant whereby 
sludge digestion was once more very 
seriously affected. 

The war industry was placed into 
operation in July, 1942, for the pro- 
duction of shells and ammunition com- 
ponents. Copper and fatty wastes from 
this plant were routed to the by-passed 
sewer which was still receiving and 
conveying the copper wastes from the 
other brass works. 

It was noted during the latter part 
of January, 1943 that digestion effi- 
ciency was again dropping off. A check 
of the copper content of the raw and 
digester sludges established the fact 
that large quantities of copper-bearing 
wastes were again present in the sew- 
age being received at the treatment 
plant. 

Since the brass companies’ wastes 
were supposedly by-passed and ex- 
eluded from the treated sewage flow, 
it was assumed that some local in- 
dustry had changed manufacturing 
processes to include the use of pickling 
and copper plating. 

A phone survey of manufacturing 
plants, other than the brass companies, 
disclosed that no new manufacturing 
processes had been started. To make 
sure of this fact, however, certain 
plants were inspected and samples 
taken and analyzed of all industrial 
waste waters, especially those involving 
pickling and plating. The investiga- 
tions served to eliminate these par- 
ticular plants as being the source of 
the copper wastes. 

The next step, which required about 
two weeks’ time, was to analyze samples 
taken from various parts of the sewer 
system. In this way the source of 
copper wastes was finally traced to a 
section of the sewer system adjacent to 
the new brass plant. 

The internal sewer system of this 
plant, which started operation in July, 
1942, had become plugged by its own 
wastes, and sometime after January 7, 
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1943, the copper and fatty wastes had 
been diverted to a new connection. in- 
to a sewer contributing to the sewage 
treatment plant flow. Incidently, the 
permit for construction of the new 
sewer connection had been issued for 
a water overflow line and not for cop- 
per-bearing wastes. 

An analysis of the wastes being dis- 
charged at this location showed over 
300 p.p.m. copper to be present. With 
the search for the new source of copper 
finally ended, steps were immediately 
taken to divert these wastes to flow to 
the by-passed sewer and this work was 
completed on February 27, 1943. 

At the sewage plant, the copper had 
already done its damage. Digester gas 
production had decreased from a nor 
mal of about 33,000 cu ft. per day 
to a low of 7,500 eu. ft. daily. In order 
to get the digesters back into satisfac- 
tory operating condition it was neces- 
sary to remove all sludge from one 
digester and also remove the bottom 
sludge from the other, in order to re 
duce its copper content. 

Figure 2 shows daily gas production 
for six months, including the 1943 pe 
riod of poor sludge digestion. ‘The 
deleterious effect of copper wastes is 
very evident. The decrease in gas pro- 
duction is apparent in Figure 2 start- 
ing on February 10. Actually, accord- 
ing to gas production efficiency in cubic 
feet per pound volatile matter, the 
break from normal started on January 
25, with digestion efficiency decreasing 
steadily thereafter until March 18. 

On January 30 the bottom sludge 
in the digester had a copper content of 
about 500 p.p.m., or 0:5 per cent on 
a dry solids basis. Gas production at 
this time had decreased 27 per cent 
to 8 cu. ft. per lb. volatile matter added, 
whereas normal was 11 cu. ft. 

By March 1 the maximum copper 
concentration had increased to approxi- 
mately 1,300 p.p.m., or 1.3 per cent, 
dry solids basis. Gas production on 
this date had decreased 64 per cent 
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at Kenosha in 1943. 


below normal, or to about 4 cu. ft. per 
lb. volatile matter. 

Krom Mareh 1-18, gas production 
remained quite uniform but at a low 
production rate. By the latter date, 
the cleaned digester was ready to be 
placed back into operation; with this 
unit in service gas production improved 
rapidly and was back to normal within 
a short time. 


Recent Observations 


Before presenting other data show- 
ine the effects of copper on sludge 
digestion, certain facts relevant to cop- 
per-bearing industrial wastes should 
first be mentioned. The late Prof. C. 
R. Hoover, in the Eighth Biennial 
Report of the State Water Commission 
of the State of Connecticut, had this 
to say: ‘‘Copper has long been known 
to have deleterious effects on biological 
processes, but the insidious nature of 
the effect of small amounts of copper 
in sewage upon the decreased efficiency 


of the operation of sludge digestion 
has not been generally recognized.”’ 

As an illustration of Prof. Hoover’s 
statement, Kenosha operating data 
should emphasize this fact. During the 
month of February, 1945, the sewage 
flow was 140 m.g. Wet sludge pumped 
to the digesters totaled 407,500 gal., 
while the dry solids in the sludge 
amounted to 207,500 lb. By copper 
tests of the raw sludge, the copper 
loading at the digesters during the 
month was determined to have been 
770 lb. as Cu, or about 25 Ib. copper 
per day. The insidious thing about 
this quantity of copper becomes more 
apparent upon converting the 770-Ib. 
figure to parts per million as copper 
removed from the sewage, and as cop- 
per concentrated in the raw sludge 
and digester contents. 

The 770 lb. copper per month is 
equivalent to only 0.7 p.p.m. removed 
from the sewage. In the wet sludge, 
however, the copper had become con- 
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FIGURE 3.—Comparison of digestion efficiencies during identical periods in 1945 
(heavy copper load) and in 1946 (light copper load). 


eentrated to 226 p.p.m., or over 320 
times greater. With respect to copper 
in the dry solids of the raw sludge, 
the copper concentration was 3.710 
p.p.m. 0.37 per In the di- 
gesters, the copper concentration had 
become stabilized at approximately 
5,000 p.p.m. or 0.5 per cent dry basis. 
During this particular month (Febru- 
ary, 1945), gas production was down 
to a rate of 9.3 eu. ft. per lb. volatile 
matter, or 15.5 per cent below the plant 
normal of 11 cu. ft. per Ib. volatile 
matter added to the digesters. 

The Kenosha operation staff is of 
the opinion that copper concentrations 
in sludges are better expressed as to 
their relationship to the dry solids in 
the sludge. This may be expressed as 
per cent copper in the dry solids or 
preferably as parts per million copper, 
dry solids basis. In this case 1 per 
cent copper is equal to 10.000 p.p.m. 

The reasoning behind this conclu- 
sion may be illustrated in the follow- 
ing manner: For example, assume that 


or eent. 


the copper in sludge is reported as 
being 400 p.p.m. If the dry solids in 
this sludge are 4 per cent, the copper 
concentration on a dry solids basis is 
increased 25 times and is 10,000 p.p.m. 
If the sludge is 8 per cent dry solids, 
however, the copper concentration as 
dry solids is only one-half that present 
in the 4 per cent sludge, or namely 
5,000 p.p.m., dry basis. In the case of 
the 4 per cent sludge, the 400 p.p.m. 
of copper present may seriously affect 
sludge digestion while in the other 
ease digestion would be affected to a 
far lesser degree. 

As another example, digester survey 
data are used. On a wet basis, the 
copper present in the Kenosha digester 
supernatant was 11 p.p.m. and in the 
bottom sludge 500 p.p.m. The solids 
in the supernatant were only 0.26 per 
cent, while in the bottom sludge the 
solids content was 12.3 per cent. The 
concentrations of copper present in the 
dry solids of these two liquors, how- 
ever, were 4,250 p.p.m. in the super- 
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natant and 4,060 p.p.m. in the bottom 
sludge (both dry basis), or practically 
the same. From the latter copper fig- 
ures it is evident that the copper con- 
centration on the basis of dry solids 
was quite uniform throughout the di- 
gester. This fact is not at all evident 
when the copper content is expressed 
on a wet basis, with the copper figures 
being 11 and 500 p.p.m., respectively. 

Furthermore, since sludge gas is pro- 
duced only from the organic matter 
in the sludge, the relationship of cop- 
per to these solids is even a better cri- 
terion of copper concentration. At 
Kenosha, however, it is believed that 
copper concentration on the basis of 
total dry solids (not volatile solids) 
is a satisfactory means of expressing 
the copper content, and the records are 
maintained accordingly. 

Figure 3 shows daily gas production 
rates in cubie feet per pound volatile 
matter added to the digesters for the 
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months of February, March, and April 
during 1945 and 1946. These data are 
plotted to show how digestion efficiency 
increased as the copper loading to the 
digesters decreased. 

For the three months in 1945, which 
period incidentally is prior to ‘‘V—J 
Day,’’ copper loading to the digesters 
averaged 800 lb. per month. Gas pro- 
duced during this time averaged 9.87 
cu. ft. per lb. volatile matter. 

For the same three months in 1946, 
the copper loading to the digesters had 
decreased to about 300 lb. per month, 
with an increase in digestion efficiency 
whereby gas produced averaged 13 
cu. ft. per lb. volatile matter, an in- 
crease of 32 per cent over the same 
period in 1945. These data are in- 
teresting in that they cover two diges- 
tion periods, during which time the 
solids loadings to the digesters were 
approximately the same except for the 
copper present in the sludge. 


G 





L. MATTER 


\4 MONTHS 
AVERAGE 


LB. VOL, MATTER. 


PER 


9 MONTHS 
AVERAGE 


2 


LBS. COPPER TO 
DIGESTERS PER MONTH 


AMJJASONDJIFMAMJJASONDJFMAMJSJASONDJFM- 


1945 1944 





1945 | 46-4 


FIGURE 4.—Relationship between copper content of raw sludge and digestion 
efficiency at Kenosha, April, 1943, to March, 1946, 
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FIGURE 5.—Relationship between copper concentration in digester contents and 
digestion efficiency at mesophilic and thermophilic temperatures. 


Figure 4 shows average monthly di- 
gestion results from April, 1943 to 
March, 1946. In this chart are plotted 
data showing pounds copper present 
in the raw sludge as pumped to the di- 
gesters and related gas production 
data in cubic feet of gas per pound 
volatile matter added to the digesters. 

From Figure 4 it is evident that 
there is a relationship between gas pro- 
duction and the amount of copper 
pumped to and present in the digesters. 
Except for the period from December, 
1944 to June, 1945, this inverse rela- 
tionship is very apparent and is par- 
ticularly evident after June, 1945. 

Breaking down and analyzing these 
data to cover three periods of 12, 14 
and 9 months, respectively, it is found 
that with average copper loadings of 
468, 770, and 386 pounds per month, 
the corresponding average gas produc- 
tion rates were 11.02, 10.0, and 11.95 
cu. ft. per lb. volatile matter added to 
the digesters, respectively. 

In Figure 5 are plotted plant diges- 
tion data with respect to cubic feet of 
gas produced per pound of volatile 





matter as related to copper concentra- 
tions in parts per million Cu (dry 
solids basis) of the digester contents. 
The squared points indicate gas pro- 
duction rates as computed for three 
separate periods of 9, 12 and 14 
months, respectively, while the lower 
point indicates results obtained for 17 
days during the 1943 sludge digestion 
trouble period. 

These data clearly show that with 
Kenosha sludge and the copper present 
therein, a definite relationship between 
digestion efficiency and copper concen- 
tration in the digesters does exist. 


Thermophilic Experiments 


In Figure 5 are also plotted thermo- 
philic. digestion data (circled points) 
which show the results obtained in 1945 
with experimental thermophilic diges- 
tion of Kenosha sludge at 133° F., un- 
der increasing copper loading and 
concentration conditions. This test 
covered a period of 50 days, after 33 
days were allowed for the experimental 
bottle digesters to become stabilized to 
normal operating conditions, 
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Details pertaining to the Kenosha 
thermophilie digestion experiments 
will not be discussed at this time, but it 
may suffice to state that from the data 
obtained and plotted it is apparent 
that even at thermophilic temperatures, 
copper had about the same relative in- 
hibitine deleterious effect on sludge 
digestion. 


Summary 


In concluding this discussion, certain 
items warrant reiteration and final re- 
view. From the data on digestion of 
copper-bearing sludge now at hand, it 
is easily understandable why digestion 
could not be started in 1940. In re- 
porting the 1940 experiences and cop- 
per concentrations, determined at that 
time, it was stated that in October, 
1940, the raw sludge contained over 
2.500 p.p.m. Cu (wet basis). The 2,500 


p.p.m. Cu figure, for 5 per cent dry 
solids sludge, shows that 50,000 p.p.m. 
Cu (dry solids basis) was present in 


the sludge at that time. From data 
now available, it is readily apparent 
that with this copper concentration 
the digesters just could not begin to 
function properly, which, of course, 
proved to be the ease. 

With respect to the 1943 digestion 
difficulties, one of the important facts 
established was that digesters which 
were acclimated to copper-bearing 
sludges were very seriously affected as 
the copper concentrations increased. 
This point is important in that it has 
been assumed that the greatest source 
of trouble from copper may be ex- 
pected in starting new digesters. 

Referring to another statement made 
by the late Prof. C. R. Hoover, in the 
previously mentioned Connecticut 
State Water Commission Biennial Re- 
port, he stated that ‘‘It was found 
that the nature of the chemical com- 
pounds of copper precipitated in the 
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sludge is important in its effect on 
sludge digestion.’’ 

This statement emphasizes the fact 
that all copper-bearing wastes may not 
necessarily affect sewage treatment op- 
erations in the same manner or be toxic 
to the same extent. However, it can 
be definitely stated that copper, as cop- 
per hydroxide and hydrated copper sul- 
fate, is toxic to sludge digestion, with 
both forms of copper being toxic to 
about the same degree. 

When copper is present in sewage, 
the quantity and form of copper that 
is removed at the sewage treatment 
plant to become concentrated in the 
sludge is the real criterion upon which 
to base determinations as to what dele- 
terious effects this copper may have on 
sewage treatment processes. 

Finally, from actual digestion ex- 
periences it has been determined at 
Kenosha that copper, when concen- 
trated in sludge in large amounts, does 
seriously affect sludge digestion. When 
copper is present in excessive quanti- 
ties, it can actually put an integral 
part of the plant—the digesters—out 
of operating condition entirely. 

Under these unsatisfactory digestion 
conditions, proper sludge treatment and 
disposal is impossible, and the eco- 
nomics of plant operation are seriously 
upset, since good digestion is necessary 
for satisfactory conversion of the 
sludge into an inoffensive material and 
to provide an adequate supply of fuel 
for the gas engine driven sewage 
pumps and for plant heating purposes. 
For this reason, at Kenosha, the cop- 
per- and oil-bearing wastes, due to the 
quantity and copper content thereof, 
are classed as deleterious wastes, which 
should be excluded from the sewer sys- 
tem unless they receive satisfactory 
pretreatment by the industry so as 
to render them non-toxic and amenable 
to existing sewage treatment processes. 
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At the beginning of the year 1903, 
the Ithaca Water Company was busily 
engaged in improving its water supply. 
A construction crew was pushing for 
early completion of a new dam in Six 
Mile @reek, which was to furnish 
reservoir storage capacity and a better 
intake structure than the old erib just 
below the dam. Plans were even be- 
ing considered for a filtration plant to 
remove the troublesome turbidity which 
was getting into the system through 
the existing direct intake. 

On January 27, 1903, there was a 
sudden break in the freezing weather. 
the temperature rose to about 45° F. 
and a cold rain started falling which 
soon reached the proportions of a tor- 
rential downpour. The melting snow 
and the winter’s accumulation of debris 
were washed into the stream, and a 
small flood developed, inundating the 
low sections of the city. On January 
29 the temperature fell to 26° F. and 
the ‘‘ January thaw’’ was over. 

Eight days after the beginning of the 
thaw, on February 4, the Board of 
Health met and discussed the sudden 
alarming rise in the number of typhoid 
fever cases occurring in the city. The 
health officer reported on that date 
that 216 cases of typhoid fever had 
been reported to him by physicians 
(1). A few days later, on February 
7, he expressed the opinion that the 
outbreak had passed its peak, and the 
number of new cases was declining. 
Events proved him wrong. Before the 
epidemic was over there were about 
1,350 cases of typhoid fever resulting 
in 85 deaths in the city. Of the entire 
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population, one person in ten was 
stricken (2). 

An investigation was made. of 
course, to determine the source of the 
infection. The report of the state epi 
demiologist, Dr. Soper, lays the blame 
on an active case of fever, believed to 
have been typhoid, in a house about 
11%4 miles above the intake. He re- 
ported that body discharges from the 
patient had been thrown on the ground, 
and that the sudden rain falling on 
frozen ground had washed the disease 
organisms into the stream, and hence 
into the public water supply. 

Dr. E. M. Chamot, who was actively 
engaged in the examination of the 
water supply at the time of the epi 
demic, stated to the author that there 
were two other possible sources of con 
tamination. Workmen at the dam, al 
though supplied with privies in a safe 
location, were not always careful to 
use these facilities, and a carrier might 
conceivably have contaminated the 
water. Furthermore, a railroad con- 
struction gang was building a culvert 
across a tributary of Six Mile Creek 
a short distance above the waterworks 
crib. The railroad had provided a 
watertight tank fitted as a latrine, 
which had been in use for some time. 
When the storm was over it was found 
that the tank had been earried by the 
freshet into Six Mile Creek. 

An interesting commentary is made 
by Dr. Rosenau (3) who points out 
that a cook, named Mary Mallon, had 
been employed in the vicinity of the 
dam at about the time of the outbreak 
Mary Mallon is the name of the in- 
famous earrier, ‘‘Typhoid Mary,’’ who 
yas known to have been responsible for 
6 outbreaks of typhoid fever involving 
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51 persons and who was probably re- 
sponsible for many other cases not 
traced to her directly. 

Still one other point remains to be 
mentioned. For several months previ- 
ous to January, 1903, the Ithaca Daily 
Journal carried a monthly summary of 
reports on the chemical and bacterio- 
lovical examination of the public water 
supply. Invariably these reports were 
unfavorable. On Thursday, January 
29, 1903, a boil-water order was pub- 
lished and Prof. G. S. Williams, en- 
cineer for the water company, stated 
for publication that he agreed with the 
Board of Health warning and _ that 
since his residence in Ithaca he had 
always made it a practice to boil water 
for his personal use. On February 4, 
Commissioner Horton, of the Ithaca 
Board of Health, made a statement 
that expressed a salient fact: ‘‘We 
cannot go over the city with clubs and 
compel the people to boil water.’’ 


Sewage Works and Public Health 


The foregoing brief summary of a 
typical water-borne outbreak of ty- 
phoid fever illustrates a number of 
points on disease transmission. This 
discussion deals, of course, with dis- 
eases that are transmitted by sewage, 
which are mainly those affecting the 
intestines of man, although some others 
will be mentioned. 

There are three factors to be con- 
sidered in a study of the transmission 
of any communicable disease. First is 
the infective source, such as an active 
case of disease or a carrier, from which 
the disease agent is being discharged. 
Second is the transmission channel by 
which the organism is carried from one 
person to another, and third is a sus- 
ceptible individual to whom the disease 
agent is delivered. In the Ithaca epi- 
demic, all of these factors were obvi- 
ously present, including the ten per 
cent of the population not immune to 
typhoid fever. 

Another point of importance to those 
engaged in public health work is con- 
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tained in Commissioner Horton’s re- 
mark, ‘‘We cannot go over the city 
with clubs and compel people to boil 
water.’’ The rest of his remark is 
equally pungent, ‘‘but we can compel 
the company to install a filtering 
plant.’’ It is a plain fact that indi- 
viduals cannot be depended upon to 
protect their own health; to conserve 
the lives of its people, a community 
must provide publie protection. 

Today, the construction and opera- 
tion of sewage works to provide for 
safe and unobjectionable disposal of 
community wastes is common practice, 
but to achieve the greatest benefit from 
such works, designing engineers and 
operators must not become so preoccu- 
pied with refinements in operation that 
they lose sight of the public health. 
It is well to keep in mind the expres- 
sion of William Budd, a great pioneer 
in epidemiology, when he remarked 
(4) that the sewer is ‘‘the direct con- 
tinuation of the diseased intestine,”’ 
and treat sewage with the caution it 
deserves. In the chain from the in- 
fected source, through the channel of 
transmission to the susceptible victim, 
it is the business of the sewage works 
designers and operators to sever the 
connecting link. To do so involves 
some understanding of diseases which 
may be carried in sewage. 


Enteric Infections 


The group of diseases that come first 
to mind are the enteric infections. 
These are typhoid fever, the paraty- 
phoid fevers, bacillary dysentery, chol- 
era, amebic dysentery and the so-called 
These are usu- 
ally classed as water-borne diseases, but 
can equally well be designated sewage- 
borne infections. 


Typhoid 

Typhoid fever has been waging a 
losing battle in the United States. The 
death rates in deaths per 100,000 per- 
sons from typhoid and’ paratyphoid 
fevers in the United States dropped 
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from 35.8 in 1900 to 2.8 in 1935 (5). 
The remaining typhoid is mostly rural. 
In 1940 a compilation of 78 large cities 
showed a typhoid death rate of only 
0.48 per 100,000. In general, the num- 
ber of cases of typhoid ean be esti- 
mated as ten times the death rate. 

Typhoid fever is caused by infection 
with a bacillus, Eberthella typhosa, 
which is discharged with body wastes 
from active cases or from healthy ear- 
riers of the disease. In warm weather 
the ‘organism will survive in sewage 
or water for several days, and in cold 
weather it may survive for several 
months. Typhoid earriers may con- 
tinue to discharge the bacillus for many 
years, even though they bear no other 
sign of a diseased condition. Raw 
sewage must be considered as always 
contaminated with the organisms of 
typhoid fever. 


Paratyphoid 


There are two parathyphoid fevers, 
both similar in nature to typhoid, but 
usually with a somewhat lower death 
rate. Paratyphoid A is caused by an 
infection with the bacillus Salmonella 
paratyphi, and paratyphoid B is eaused 
by the bacillus Salmonella schottmiil- 
leri. It is believed that a large per- 
centage of so-called typhoid fever is 
really paratyphoid infection, and a 
surprisingly large proportion of car- 
riers are discharging the paratyphoid 
bacillus (3). Closely related to the 
paratyphoid organisms are Salmo- 
nella aertrycke, S. enteritidis, and SN. 
cholera suis, which are usually associ- 
ated with food poisoning. 


Food Poisoning 


Although food poisoning ordinarily 
results from direct contamination by 
food handlers, there are many possi- 
bilities for contamination of food with 
sewage. For example, supplies may be 
stored under leaking soil pipes, water 
used for dishwashing or for prepara- 
tion of food may be contaminated with 
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sewage or sewage solids may be spread 
by insects or rodents. Of the several 
types of food infections, such as botu- 
lism, staphylococcus and Salmonella, 
only the Salmonella group is sewage- 
borne. The causative organism of 
botulism, Clostridium botulinum, is a 
soil organism not usually associated 
with sewage, and the staphylococcus 
organisms are commonly found in pus. 
as from blackheads, blisters or boils. 

Salmonella infections of the eastro- 
intestinal tract are characterized by 
sudden onset of nausea, vomiting, ab- 
dominal pain and diarrhea, occurring 
usually from 12 to 24 hours after the 
ingestion of contaminated food.  Sus- 
ceptible individuals may develop symp- 
toms within 8 hours and others may 
not be affected for as long as 30 hours. 
Fatal cases are quite rare. 

Salmonella differs from other types 
of food poisoning in that it is essen- 
tially an infection and not an intoxica- 
tion. sotulism and staphylococcus 
poisoning are literally that. The organ- 
isms produce a poison in the infected 
food such that even though the living 
bacteria are destroyed, the toxin in the 
food will cause the characteristic symp 
toms. With Salmonella, the living or- 
vanism must be ingested to cause the 


disease. 


Cholera 

One of the great epidemic diseases 
of history is Asiatie cholera. It was 
during an investigation of a cholera 
epidemic that John Snow led the way 
for future epidemiologists to track 
down water-borne outbreaks, with his 
classic instance of the Broad Street 
pump, in London, in 1854. 

Today cholera is mainly a tropical 
disease, and about 98 per cent of the 
known deaths from this disease occur 
in India. The disease is caused by in- 
fection with Vibrio cholera. The source 
of organisms is almost always an active 
case, and carrier states are few and 
short-lived. It is our business to hold 
cholera at bay in this country. 
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Dyse iteries 

There are two forms of dysentery, 
one caused by Bacillus dysenteriae, the 
other caused by the protozoan Enta- 
moeba histolytica. The death rate from 
bacillary dysentery is somewhat higher 
than from amebic dysentery. 

Bacillary dysentery is widespread 
and the number of reported cases is 
increasing. Felsen states (6) that the 
incidence in the United States in 1937 
was approximately sixteen times that 
reported for 1933, but points out that 


reported cases of unelassified ‘‘diar- 
rhea, enteritis and dysentery’’ have 


correspondingly declined. 

Watt and Hardy (7), in a study of 
Shigella baeilli, of the dysenteriae 
eroup, reported an average of 9.1 car- 
riers for each current case. They found 
that carrier rates varied from 0.1 per 
cent to 11 per cent of the population, 
depending upon climate and the level 
of sanitation. Various types of dvsen- 
tery are relatively common, and the 
organisms may remain viable in sew- 
age and water for a considerable pe- 
riod of time. 

The common diarrheas are caused 
hy any of a number of enteric organ- 
isms, or by toxins, which may be in- 
gested with food or drink, or which 
may be formed in the body. 


Other Sewage-Borne Diseases 

Although the diseases so far men- 
tioned, ‘with the possible exception of 
food poisoning, are all -recognized as 
water-borne infections, the econtamina- 
tion of water is only one of a number of 
ways in which sewage may transmit 
(lisease. 
Tetanus 

For example, there is tetanus, caused 
by the organism, Clostridium tetani. 
Virtually all warm blooded animals are 
susceptible to tetanus, and the disease 
is found wherever the soil is contami- 
nated by animal or human excreta. 
The spores of tetanus are very re- 
sistant, and are widespread and com- 
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mon. Tanner (8) points out that 
tetanus has been found on the surface 
of vegetables irrigated with sewage, 
but that the bacillus is practically 
harmless when ingested. 


Parasitic Infections 

Of great interest are the parasites 
which may be spread by body dis- 
charges and by Budd’s ‘‘continuation 
of the diseased intestine.’’ Many of 
these, of course, are usually associated 
with direct contamination of the 
eround with feces, but it is perfectly 
possible for fresh sewage solids to ac- 
count for the same conditions. 

One of the commonest parasites 
transmitted in feces is the hookworm. 
Hookworm disease is of considerable 
public health importance in warm 
countries but it is seldom found north 
of the 36th parallel. Hlookworm eggs 
are discharged from infested intestines, 
and under favorable conditions of soil, 
moisture and temperature, hatch into 
small wormlike larvae. The larvae 
enter the body through the skin, usu- 
ally between the toes, and by a cireui- 
tous route find their way to the in- 
testines. 

Hookworm disease is seldom fatal, 
although it decreases the victim’s vigor 
and so causes an economic loss to the 
community. Hookworm is best con- 
trolled by stopping promiscuous soiling 
of the ground, and by the wearing of 
shoes. 

Other parasites which may be trans- 
mitted in a similar manner are the 
whip worm and the round worms, some 
of which, such as Strongyloides ster- 
coralis, penetrate into body through 
the skin; other species find entry by 
ingestion. 


Fluke Infections 


Of some interest at the moment is 
the question of fluke infections. Or- 
dinarily fluke diseases are not found in 
the United States, but the return of 
military personnel from Pacifie areas 
has introduced sources of infection. 
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The methods by which flukes find 
entry to the body vary with the species. 
Some gain a foothold when ingested, 
others enter directly through the skin. 
Typical of the latter are the schisto- 
somes or blood flukes. 

The ova of Schistosoma are dis- 
eharged with feces or urine, which up- 
on coming in contact with fresh water 
hatch into free-swimming miracidiae. 
In this. stage they must find a certain 
species of snail within a few hours 
time, otherwise they perish. In the 
snails the organisms undergo further 
change and emerge finally as fork- 
tailed cercariae, which are capable of 
penetrating human skin. ; 

Contact of a person’s skin with in- 
fested water is sufficient to lead to an 
infection. Fortunately, in this country, 
the species of snail necessary to the 
life eyele of Schistosoma is not present, 
and the danger of transmission is not 
creat. 


Hazards in Sludge Utilization 


‘The use of sewage sludge as fertilizer 
has raised many questions as to the 
dangers of disease transmission by this 
means. Although most of the enteric 
bacilli are sufficiently attenuated or 
destroyed by storage in a digestion 
tank for ten days or longer (8), great 
caution should be used in the applica- 
tion of air dried sludge to growing 
crops which might be eaten raw. 

Infection with amebic dysentery is 
possible where the cysts have survived 
treatment. The ova of certain para- 
sites may survive treatment of the 
sludge, and become infective under 
favorable conditions. 

Under the conditions of sludge 
handling in many sewage treatment 
plants, the sludge as actually drawn 
is not all 10 days old. If sludge addi- 
tions are made to the tank at daily 
intervals, it is quite possible for some 
fresh sludge to be mixed with the di- 
gested sludge drawn for disposal. In 
such an event, even the less resistant 
bacteria, such as E. typhosa, may be 
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present with a consequent hazard to 
health. 

Sludge that is heat dried at high 
temperatures is considered to be a safe 
fertilizer for any crop. 


Shellfish Hazards 


Another mode of disease transmis- 
sion by sewage is the infection of shell- 
fish areas. In the winter of 1924-25 
eases of typhoid fever began to multi- 
ply, first in New York and then in Chi- 
eago and Washington, until from the 
middle of November until the middle 
of January, these cities had full-scale 
epidemics. A high incidence of typhoid 
was noted at the same time in ten other 
cities (4). All told, fifteen hundred 
people were infected. The epidemio- 
logical study of these outbreaks showed 
that oysters marketed by a single com- 
pany were responsible. 

The methods by which shellfish can 
be contaminated are very numerous. 
The growing beds may be bathed in 
diluted sewage from a nearby commun- 
ity, or they may be contaminated by 
the discharge of sewage from the 
dredges working on the surface above 
the beds. Great care is necessary in 
the handling of shellfish, especially 
shucked oysters and clams, to prevent 
soiling from hands, working surfaces 
or polluted wash water. 


Disease Transmission by Flies 


Although we do not often think of 
it in such terms, sewage sometimes 
takes wing and flies off in all direc- 
tions. The common house fly has a 
particular liking for sewage solids and 
its cosmopolitan appetite, coupled with 
its restless energy, results in a pro- 
miscuous distribution of feces to all 
points within the flight range of the 
insect. Draw a circle, with a radius 
of one mile, around each point where 
fresh sewage solids are exposed to 
flies and some idea of the possibilities 
of infection can be grasped. 

Flies spread infectious organisms in 
three ways, by direct carriage of con- 
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taminated matter, by regurgitation of 
infected material, and by defecation. 
Fortunately, in the United States, the 
fly appears to be a diminishing public 
health hazard. 

Bathing Hazards 

The indictment against sewage is not 
yet complete. Consider the hazards 
of bathing in water polluted with sew- 
age. Not only are bathers vulnerable 
to agents which cause disease when 
swallowed, but in some instances simple 
contact of the body with polluted water 
is enough to cause infection. There is 
no clear evidence to show the incidence 
of eye irritations and middle ear in- 
fections arising from exposure to pol- 
luted water, but it must be consider- 
able. 

Intensive effort has been devoted to 
drafting standards of purity for bathing 
water at natural beaches. Such stand- 
ards usually are based on the numeri- 
cal density of coliform bacteria, but 
regardless of the figure stated in the 
particular standard used, the state- 
ment is invariably qualified to prohibit 
bathing near a sewer outlet. This is 
in recognition of the extra hazard aris- 
ing from recent discharge, in distine- 
tion to the hazard from inadequate 
dilution. 


Poliomyelitis 


Of even greater popular interest is 
the possibility that the virus of polio- 
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myelitis may be transmitted in water 
contaminated with sewage. McClure 
reported that the polio virus in stools 
remained infectious after 124 days at 
a temperature of —5° C. In Charles- 
ton, S. C., in 1939, the virus was found 
in sewage. In Detroit, in 1931, at one 
institution, 19 polio contacts were ex- 
amined and 6 were found to be ear- 
riers. In one of these, the carrier 
state persisted for 38 days. 

These are isolated facts, and cer- 
tainly do not prove that the usual 
mode of transmission of polio is by 
the sewage route. They do, however, 
light up the caution signal. 


Conclusion 


It is not possible, in a short time, 
to exhaust the subject of disease trans- 
mission by sewage. We are viewing 
only the mountain ranges, and have 
not the time to explore the valleys. 
Nor is it the purpose of this discus- 
sion to set forth didactic statements as 
to what means should be employed to 
handle sewage so as to render it in- 
nocuous. 

Let us keep in mind, however, when 
faced with a sewage treatment problem 
that it is dangerous to handle the 
stuff and still more dangerous to turn 
it loose. Let us remember, too, the 
individuals who through foolishness, 
ignorance or helplessness, cannot pro- 
tect themselves from the hazards in 
which we deal. 
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EFFECTS OF GROUND GARBAGE ON SEWAGE 
TREATMENT PROCESSES * 


By WiLLEM RUDOLFS 


Chief, Department of Sanitation, Rutgers University, New Brunswick, N. J. 





The household garbage grinder is 
unquestionably the most convenient 
form of garbage disposal from the 
standpoint of the housewife, but con- 
trol is entirely beyond the jurisdiction 
of the sewage works operator. The 
operator must take care of the material 
coming to the treatment plant and for 
that reason the possible effects of gar- 
bage grinders on the various treatment 
units is of interest to him. 


Relative Quantities of Garbage 


We find in the literature a number 
of estimates regarding the quantities 
of garbage produced. The relation be- 
tween sewage suspended solids present 
and the amounts added by garbage is 
variously estimated. The values given 
in the literature for garbage production 
vary from 15 to 200 per cent of the 
suspended solids in domestic sewage. 

Some of the estimated increases in 
percentages of solids when all garbage 
is mixed with sewage are as follows: 


Per Cent 


Author Increase 
SNEED Seo cts ee tie 21 
ROMEPORINESE RES) oss acs 5014 So 56:6 510 21 
EERO)! 255 ocbsswsu eos 21 
REGED Se ges ad cinia ess ewes 16 
ES) ae ee 17.5 
DOES 2 (2 ee ea 9] 
Engineers’ Handbook ........ 22 


Offhand, it would seem that most of 
these estimates are rather low. If we 
consider that fine screens remove from 
8 to 10 per cent of the total suspended 
solids, nearly all in the form of screen- 
* Journal Series Paper of the New Jersey 
Agricultural Experiment Station, Department 
of Sanitation, Rutgers University, New 
Brunswick, N. J. Presented at 31st Annual 
Meeting, New Jersey Sewage Works Assn.; 
Trenton, N. J.; March 20-22, 1946. 


ines (including garbage), and occa- 
sionally as much as 17 to,18 per cent, 
it would seem that much of the garbace 
is already in the sewage. 

Records of garbage collection in this 
country show quantities varying from 
0.4 to 2.0 Ib. per capita per day, with 
moisture contents varying from 70 to 
90 per cent. On the basis of dry 
solids the quantities of garbage appear 
to vary from 0.05 to 0.3 Ib. per capita 
per day. Controlled collections indi- 
eate that the amount of dry garbage 
solids is about equal to the dry solids 
in domestic sewage. 


Composition of Garbage 


A comparison of the principal chemi- 
eal constituents of garbage and do- 
mestie sewage solids shows: 


Sewage 

Solids Garbage 
Volatile matter (%)....... 70-80 80-90 
ASH AYA). . 35s «. : ; 20-30 10-20 
Cole (4 a aa 15-35 13-38 
Nitrogen (%)........... . 46 0.4-1.5 


It will be noted that the percentage of 
volatile matter in garbage is somewhat 
higher than in sewage solids, the grease 
content is about the same, perhaps usu- 
ally somewhat lower, and the nitrogen 
content only 1/10 to 1/4 of the nitrogen 
present in sewage solids. The lower 
nitrogen content may be of importance 
in biological treatment processes. 


Effect on Sewers 

The newest domestic garbage grinder 
produces a comparatively finely di- 
vided, rather fluffy material. Accord- 
ing to Cohn, the volume of water used 
during grinding may be as little as 
one gallon per capita per day. In 
other words, the volume of material 
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added to the sewer would perhaps be 
1 per cent and not exceed 2 per cent 
of the total sewage volume. From 
a volume standpoint, the effect on the 
sewers would be negligible. 

Examination of a sample of ground 
varbage indicated that, with the small 
amount of water used, the concentra- 
tion of the material discharged might 
be in the neighborhood of 3 per cent 
total solids. There is no reliable in- 
formation available to show how this 
material behaves in a sewer, but since 
the ground garbage is rather finely 
divided and fluffy in nature, and since 
it would be diluted in the sewer with 
a large volume of water, it may be 
expected that as a rule no difficulties 
in sewers with a good grade would be 
encountered. Information is needed 
regarding the behavior of ground gar- 
bage in flat sewers, siphons and 
sumps. It is reasonable to expect that 
whenever settling takes place in sewers 
without ground garbage, more sludge 
will settle when ground garbage is 
present. 


Effect on Grit Chambers 
The grit collected at most treatment 
plants is not particularly free from 
organie matter, unless special equip- 
ment is available. Ground garbage 
settles fairly rapidly and an increase 
in the volatile matter may be expected. 
More organic matter in grit would 
mean more offensive material. Evalua- 
tion of the amount of volatile matter 
added by ground garbage may be 
rather difficult, but Calvert (4) found 

increases from 20 to 40 per cent. 


Effect on Settling 
kate of Settling 


Experiments conducted in our lab- 
oratory (8) on the rate of settling of 
ground garbage solids alone and in 
conjunction with sewage solids showed 
that ground garbage settled very 
rapidly. The rapid rate of settling is 
indicated by a few figures showing the 
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percentage of settleable solids removed 
when the garbage was mixed with 
half, equal and twice the amounts of 
sewage as compared with sewage alone: 








> | 
| Per Cent Settleable Solids Removed 








Fang | |\Garbage:Sewage Ratio of Mixture 
i Sewage | _- ae ere 
Alone 
1:2 | | 2:1 
Sea EE: Set eee ee mane ares eee 
1 7 48 | 55 | ~ 60 
2 18 Soy’ GaGa 4 70 
5 43 | 70 S2. | ‘90 


When the ground garbage was mixed 
with half the volume of sewage, about 
70 per cent settleable solids were re- 
moved in 2 min. and about 90 per cent 
in 5 min. The figures indicate that the 
larger the volume of sewage the slower 
the rate of settling. 


Sludge Volume 

The volume of sludge produced will 
depend primarily upon the assumed 
quantity of garbage present and the 
time of compaction. If it is assumed 
that garbage-sewage sludge compacts 
at least at the same rate as sewage 
sludge alone, the volume of sludge pro- 
duced depends upon the quantity of 
garbage present. Assuming that the 
material still contains about 97 per 
cent water, we may put it differently 
and say that the volume of 3 per cent 
sludge produced by household grinding 
amounts to one gallon per capita per 
day. 

Now let us compare the volume of 
sludge produced per capita per day 
from domestic sewage with the one 
gallon of ground garbage solids. If 
we take an average domestic sewage 
with 200 p.p.m. total suspended solids 
and a water usage of 100 g.c.d., the 
volume of 3 per cent sludge produced 
would be 730 gal. per m.g. of sewage, 
or 0.73 g.e.d. 

If we use another method of calcula- 
tion, namely, the production of 90 
grams of suspended solids per capita 
per day, we find that the total volume 
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of 3 per cent sludge produced would 
be 0.79 g.c.d. If we take the estimate 
of total solids from garbage as about 
20 per cent of the total sewage solids, 
the volume of 3 per cent sludge pro- 
duced should be about 0.2 g.e.d. On 
the basis of equal production in the 
form of garbage and as sewage solids, 
the solids concentration in the ground 
garbage would be about 3 per cent. 
It appears that we may expect an in- 
erease in sludge volume amounting to 
100 per cent. 


Compaction 

Ground garbage concentrates readily 
to 8 to 10 per cent solids. When it is 
mixed with sewage solids, the concen- 
tration is practically the same as that 
of sewage solids alone. Ground garbage 
may aid in the concentration of sludge. 
Large scale experiments have shown 
that no particular difficulties are en- 
countered, provided the garbage-sludge 
mixtures are not stored too long. 


Removals 

During the grinding of garbage the 
coarser particles are reduced in size 
and juices are squeezed out. Most of 
the suspended particles settle readily 
and may aid in the removal of finely 
divided sewage solids. The result is 
that addition of ground garbage will 
not greatly affect suspended solids re- 
moval. The percentage removal may 
even be higher, but since the total sus- 
pended solids in the sewage-garbage 
mixture is greater, there may be an 
inerease in the total suspended solids 
in the effluent. 

Experiments and experience seem to 
indicate that ground garbage added to 
fresh sewage results in poorer effluents ; 
garbage added to stale sewage may 
have no effect or be slightly beneficial, 
and when trade wastes are present the 
garbage may aid in: removal of sus- 
pended materials. 

The effect of garbage addition on 
B.O.D. removal is much less confusing. 
In general, there is an increase in the 
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B.O.D. of the effluent when garbage is 
added. The B.O.D. of the garbage 
liquor may vary from 3,500 to 12.000 
p.p.m. Depending upon the quantity 
of garbage added, the B.O.D. of the 
effluent from settling tanks wil! in- 
crease in proportion. 


Scum 


A portion of the ground garbage is 
fibrous (vegetable) and lighter than 
water. Some of this material has a 
tendency to float. The amount of float 
ing material is relatively small, but 
an increase in scum formation may be 
expected. 


Chemical Treatment 


ixperiments (9) to determine the 
effect of ground garbage on the clarifi- 
cation of sewage and the B.O.D. of 
effluents when chemicals are used for 
coagulation show that the addition of 
garbage causes a greater or smaller 
removal of suspended solids. The re- 
duction of suspended solids is affected 
by the character of the sewage, the 
nature of the garbage and the type of 
eoagulant. Although the suspended 
solids may not increase, the soluble 
B.O.D. in the effluent increases. 

The addition of ground garbage 
causes an increase in chemical coagu- 
lant, but the increase is not in propor- 
tion to the amount of suspended ground 
garbage added. When lime and ferric 
chloride are used the additional cost 
may vary from a few cents to $1 per 
million gallons, depending upon the 
amount of garbage present. When 
lime and alum are used the additional 
cost is even less. Best results with 
lime-ferrie chloride coagulation appear 
to occur at pH 9.0 to 9.5, whereas with 
lime-alum coagulation similar results 
can be obtained at pH values of 8.5 
to 9.0. 

Reasonable dosages of ferric chloride 
or alum do not decrease the ‘‘soluble’’ 
B.O.D. introduced with the garbage, 
and therefore the B.O.D. in the efflu- 
ent will increase in direct relation to 
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the quantities of garbage liquor added. 
The addition of ground garbage 
causes only a comparatively small in- 
erease in chemical cost, but increases 
the amount of sludge to be handled. 


Effect. on Filters 


Addition of ground garbage to sew- 
ave will usually result in somewhat 
higher quantities of suspended solids 
in the effluent from settling ‘tanks; 
hence, the quantity of suspended solids 
placed on standard or high rate filters 
will increase. The increase in sus- 
pended solids does not appear to be 
of great importance if the filters have 
not reached maximum loading. Na- 
turally, addition of ground garbage 
will affect overloaded filters in pro- 
portion to the increased quantities of 
suspended solids present in the in- 
fluent to the filters. 

The B.O.D. of the effluent from 
settling tanks receiving sewage-garbage 
mixtures may inerease from 0 to 35 
per cent. Hence, the B.O.D. loading 
on the filters increases. The increase 
in total B.O.D. is nearly all caused by 
the presence of soluble substances 
pressed out of the garbage during 
grinding. These soluble substances are 
readily oxidized and at a slightly 
higher rate than sewage (10). 

The higher B.O.D. will cause no par- 
ticular difficulties as long as the filters 
are of sufficient capacity to handle 
the material. Even if all the garbage 
were handled by household grinders, 
the capacity of the filters would in- 
crease only about one-third as com- 
pared with filters for settled sewage 
alone. 


Effect on Activated Sludge 


Laboratory experiments on the effect 
of ground garbage on the activated 
sludge process (10) showed that the 
rate of oxidation was similar to or 
greater than the rate of oxidation of 
substances present in settled sewage. 
The oxidation progressed as far or 
farther than the oxidation of sewage 
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alone. There was no interference in 
the stabilization of the effluents as in- 
dicated by nitrate production. The 
sludge volume did not materially in- 
crease and the sludge was not more 
bulky than from sewage alone. 

Plant scale experiments (4), in 


‘which the performance of the activated 


sludge process during a period of gar- 
bage grinding was compared with the 
same period during the previous year, 
do not indicate that the activated 
sludge process was improved by the 
addition of garbage, but there was 
also no indication that the ground gar- 
bage caused disruption of the activated 
sludge process. 

Sludge production appeared to be 
somewhat higher. The removal of 
B.O.D. in parts per million and in 
pounds per 1,000 cu. ft. of air will be 
practically the same for sewage with 
ground garbage as for sewage alone 
(5). The latter method of expressing 
results would seem to indicate that any 
additional B.O.D. in the raw sewage 
caused by the ground garbage would 
appear in the effluent; hence, a some- 
what higher B.O.D. in the effluent if 
garbage is added. It is also indicated 
that each pound of garbage B.O.D. 
requires the same amount of air as that 
in the sewage, therefore, air require- 
ments are increased. Presumably the 
same degree of purification can be ob- 
tained if the aeration time is longer 
or the amounts of air are increased. 

It is clear that addition of ground 
garbage will not particularly affect the 
results produced by the activated 
sludge process, provided the sewage is 
settled before aeration. 


Digestion 


Early experiments on the digestion 
of garbage alone (12) indicated that 
the time required would be materially 
longer than for sewage solids or mix- 
tures of garbage and sewage solids, 
probably because of the small amount 
of nitrogen present in garbage. Later 
experiments (2) (3) (6) (11) showed 
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that digestion of sewage sludge-gar- 
bage mixtures was feasible and prac- 
ticable. 

Addition of garbage to digestion 
tanks directly or in the sewage is not 
detrimental, but the digestion capacity 
required increases at least in direct 
proportion to the quantity of garbage 
added. To date no favorable effect on 
the rate of digestion by the addition of 
garbage has been reported and _ sub- 
stantiated. Some years ago the writer 
made the following statement (13) 
which is still believed to hold: 
‘““Garbage added continuously is not detri- 
mental, but the digestion capacity required 
increases in direct proportion to the quantity 
of volatile matter. Since none of the re- 
sults indicate a more rapid digestion of the 
garbage or garbage-fresh solids mixtures, and 
no more total gas was produced (per pound 
volatile matter) from these mixtures than 
from the control, it may be assumed that 
under these conditions each pound of volatile 
garbage solids required the same digestion 
time as each pound of volatile matter in the 
fresh (sewage) solids. Consequently, when 
100 per cent garbage is added (on the basis 
of fresh solids) the tanks must be at least 
twice as large.’’ 


The degree of fineness of the garbage 
particles is a factor in the rate of di- 
gestion. Finer material digests some- 
what more rapidly and is better dis- 
tributed throughout the sludge than 
coarsely ground garbage. 

The theoretical quantity of gas to 
be expected from garbage is in propor- 
tion to the volatile solids. Experi- 
ments (2) (3) (6) (11) show that 
the amounts and composition of the 
gas produced from mixtures of garbage 
and sewage solids are about the same 
as from sewage solids alone on an 
equal volatile solids basis. The quan- 
tity of gas from plain sedimentation 
solids varies from 6 to 9 cu. ft. per 
pound dry solids, depending upon the 
volatile matter content. The amount 
of gas per pound volatile matter which 
may be expected under operation con- 
ditions varies from 8 to 12 cu. ft. 

Early plant scale experiments with 
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additions of garbage to separate dices. 
tion tanks showed that a considerable 
portion of the material had a tendeney 
to float and was difficult to keep sub- 
merged. Later practice has indicated 
that excessive scum formation may be 
avoided by thorough mixing, recireu- 
lation of supernatant liquor or dilu- 
tion with sewage. These methods will 
work, provided the digesters are not 
worked to capacity or, worse, over- 
loaded. 

The presence of garbage in Imhoff 
tanks is somewhat more difficult. be- 
cause recirculation or submergence of 
the scum by floating covers is not 
practiced. Additional hosing may 
temporarily reduce the amount of 
scum. No matter what type of diges- 
tion tank is used, greater vigilance is 
required to prevent troubles if garbage 
is added. 


Sludge Disposal 


The quantity of sludge produced 
when ground garbage is added will 
always be greater than if sewage alone 
is handled, and the volume of sludge 
to be dried on sand beds increases. 
Unfortunately, in many instances the 
sludge drying bed area available is 
barely enough or insufficient for sew- 
age sludge alone. 

Investigations on the chemical de- 
watering of sludge produced from 
ground garbage-sewage sludge mixtures 
show that the material can be readily 
dewatered with the aid of ferric chlor- 
ide and lime or ferric chloride alone 
(14) either before or after digestion. 
The percentage increase of chemicals 
required per ton of dry solids is about 
the same as the percentage increase 
in garbage solids. In other words, if 
the solids increase 50 per cent by the 
addition of garbage, the chemical de- 
mand also increases about 50 per cent. 

Soluble and finely divided organic 
material produced by the grinding of 
garbage has a considerable chemical 
demand. When garbage is added to 
the sewage these soluble substances are 
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washed out and less chemicals are re- 
quired. 

The filter cake produced from either 
settled garbage-sewage sludge mixtures 
or digested garbage-sewage sludge has 
practically the same moisture content 
as sludges without garbage when the 
same amounts of chemicals are added 
to the same solids concentration. 


Chlorination 


The soluble organic substances and 
finely divided material pressed out by 
erinding of garbage have a high chlor- 
ine demand. These substances are not 
removed by settling; hence, the chlor- 
ine required increases in proportion 
to the garbage juice added. This in- 
crease is, however, not doubled if the 
amounts of suspended solids in the 
form of garbage are doubled. 

With 100 per cent garbage added 
the chlorine demand of the effluent 
from the settled mixture increases by 
20 to 50 per cent. Putting it differ- 
ently, a settled sewage with a chlorine 
demand of 10 p.p.m. will increase to 
about 15 p.p.m. if ground garbage is 
added. A stale sewage with a chlorine 
demand of, say, 20 p.p.m. will increase 
to about 25 p.p.m. when garbage is 
added. The chlorine demand of a gar- 
bage-sewage mixture effluent from a 
chemical treatment plant is only slight- 
ly inereased. 

Conclusions 
Addition of ground garbage to the 


sewer system may necessitate more 
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flushing and cleaning, and sewage 
treatment facilities must be increased. 
The difficulties caused by the introdue- 
tion of ground garbage are not in- 
surmountable, but existing sewage 
treatment plants, particularly those 
which are loaded to capacity or are 
already beset with troubles, can expect 
more difficulties. Increased difficulties 
may be an incentive to improvements 
and expansion of the plants. 


The additional cost of handling 
ground garbage does not seem ex- 


orbitant, although the cost of handling 
water-carried garbage may be greater 
than with the present methods. New 
sewage treatment plants should be con- 
structed on the basis of addition of 
ground garbage, with particular atten- 
tion paid to grit chambers, scum re- 
moval, digestion capacities and sludge 
dewatering facilities. 

It is the writer’s belief that the use 
of household garbage grinders will 
gradually increase. Recently he ex- 
pressed the opinion ‘‘that ordinances 
prohibiting the installation of house- 
hold garbage. grinders will not have 
much more value than many existing 
ordinances forbidding connections of 
cellars and roofleaders to sewers. 
Ordinances may temporarily retard 
the number of installations, but if 
general economic conditions warrant 
the installation, the pressure through 
advertising and real estate brokers 
will be so great that gradual installa- 
tion will proceed.’’ 
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The large base metal companies in 
Northern Rhodesia operate their own 
water and sewage works, serving not 
only the plants but also the European 
townships and native compounds. Sey- 


eral years ago Rhokana Corporation 
at Nkana, Northern Rhodesia, built 
four Imhoff tanks to receive the sew- 


age from Wusakili Compound, a re- 
cently established location for approxi- 
mately 9,000 natives. 

From rather extensive inquiries 
made by the authors, this appears to 
be the only instanee in Africa where 
Imhoff tanks are handling exclusively 
native sewage. In Northern Rhodesia 
and elsewhere in Africa native com- 
pounds have been provided with septic 
and Imhoff tank installations 
apparently are found only where a 
mixed sewage from Europeans and 
Africans is handled. It was accord- 
ingly felt that some observations on 
the effect of native diet on the com- 
position of sewage and operation of 
Imhoff tanks would be of interest to 
sanitary chemists and engineers. 

The Wusakili Imhoff tanks do not 
receive any industrial wastes or sew- 
age from the European township, but 
solely that from latrines in the com- 
pound together with all water from 
washing slabs and showers. Storm 
water and surface runoff from the com- 
pound do not enter the sewage system, 
so that variations in flow are confined 
to those normally encountered in do- 
mestie sewage. Latrines are flushed 
by automatic tip tanks holding 20 gal., 
and the rate of tipping is maintained 
at approximately once every 15 to 20 
min. Since all water at the compound 
is filtered and chlorinated, as a con- 


tanks, 


servation measure this water is shut 
off from 9 p.m to 5 a.m. Apart from 
these, there are no differences between 
the sewage of Wusakili compound and 
that of any small non-industrial urban 
community. 

The volume of sewage handled has 
varied from 372,200 to 423,600 gal. 
per 24 hours, with an average of 
390,000. This gives an average of 43 
gal. per capita per day, comparing 
favorably with the usual figures of 40 
gal. in Britain and 80 gal. per day in 
the United States (2). The mining 
companies in Northern Rhodesia, un- 
like the gold mines in South Africa, 
provide accommodation in their com- 
pounds for the wives and families of 
native employees. The results reported 
here are accordingly representative of 
a typical large community of Africans. 


Treatment Facilities 


Preceding the Imhoff tanks are trash 
racks to remove rags, sticks, and other 
coarse undigestible matter, and sand 
traps to settle out sand and grit. The 
removal of the latter was found to be 
very important in handling native sew- 
age owing to the large quantity of 
sand used by the women for scouring 
kitchen utensils, as well as the sand 
and mineral dust derived from wash- 
ing the clothes and bodies of those — 
who perform the physical labor in large 
mining and metallurgical operations. 

The four Imhoff tanks follow the 
usual design for this structure, having 
a total capacity of 44,600 cu. ft., and 
a digestion capacity of 9,500 ecu. ft. 
or approximately 1 cu. ft. per capita. 
At the present time there is no further 
treatment of the Imhoff tank effluent 
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and it is simply discharged into a 
nearby stream. Provision has been 
made for final treatment of this efflu- 
ent by percolating filters or similar 
purifying devices when this step be- 
comes necessary. The sludge from the 
tanks is pumped periodically to drying 
beds and is used as a fertilizer on the 
mine gardens. 


Operation Observations 


When the tanks had been in opera- 
tion a short time excessive foaming oc- 
eurred. Undigested sludge entraining 
a lot of gas rose in the gas vents, 
leaving a small quantity of solids in 
the bottom of the tanks below a con- 
siderable volume of clear liquid. <A 
number of changes in the operation of 
the tanks were tried over the course of 
many months to reduce this frothing. 
The frequency of desludging was 
altered over wide ranges without ap- 
preciable differences in foaming ten- 
dencies. Continuous mechanical re- 
moval of sludge from gas vents and 
breaking up the foam with compressed 
air and water jets were tried with no 
success. 

One of the tanks was given a con- 
tinuous lime addition to promote floc- 
culation and keep the settling compart- 
ment free of froth overflowing from 
the gas vents. When a preliminary 
dosage of 50 to 100 lb. Ca(OH). per 
24 hours had no effect, the addition 
was increased to 300 lb. per day which 
raised the pH from approximately 7 
to over 9. The limed tank soon be- 
eame entirely free of froth. There 
was practically no difference in sus- 
pended solids, B.O.D., and _ bacterial 
numbers between the effluents of the 
limed and unlimed tanks. The latter 
continued to be covered with a layer of 
froth slowly rising from the gas vents. 

The similarity in the effluents in 
spite of the difference in the surface 
appearance of the tanks was probably 
due to a counterbalancing effect of re- 
tarded biological activities at the high 
pH against the greater coagulation in- 
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duced by lime. The result was that 
foaming was eliminated, but the gual- 
ity of the effluent was little changed 
by this lime treatment. The sludge 
from the limed tank was smaller jn 
bulk, slightly darker in color, and ap- 
peared to dry more rapidly than the 
sludge from unlimed tanks. Owine to 
the favorable conditions for fly breed- 
ing prevailing throughout the year in 
Northern Rhodesia it is important that 
rapid drying of the sludge occurs on 
the beds. 

If we had been concerned with fur- 
ther purification of the Imhoff tank 
effluent, probably a smaller lime ad- 
dition to give a slightly lower pli 
would have been advantageous. This 
would have increased biological activity 
while retaining much of the flocculat- 
ing action brought about by the lime. 
Since we were not concerned with re- 
duction in B.O.D. or bacterial numbers 
as long as the suspended solids were 
low enough to discharge the effluent 
directly into a stream, the lime treat- 
ment, was eventually discontinued as 
an unnecessary item of labor and ex- 
pense. 


Character of Sewage 
The population of Wusakili com- 
pound is composed of approximately 
3,000 men, 3,000 women, and 3,000 


TABLE 1.—Weekly Ration for Africans in 
Wusakili Compound 











| Man | Woman| Child 
Mealie meal . -| 10.5 Ib. | 5 Ib. | 5 Ib. 
Mealies, whole. . . 5 |b. 
Meat, beef... .. .| 4b. | — 
Meat, offal... .... —- | at: 
Bread............| 2b. 1002. | — 
ee 6.5823... 8 02. 
Soybeans.........| 502. 
Peanuts....... se] Nab: 
Vegetables, green. .| 2-3 lb. 
Tomato juice.... | 8 oz. 
Fruit, fresh... . | 2-3 lb 
ROHR aacs.c 3 / A a) | 
DPM |... 6.3: 5 02. | 
Le ee | 1 lb. 3 oz. | 
Honey....... | 402 | 








eH * et TH 


p 


—~ Ay 








Vol. 18, No. 6 


SEWAGE TREATMENT 


TABLE 2.—Analytical Data on Sewage from Wusakili Compound 
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Suspended solids (p.p.m.)............. | 
Volatile suspended solids (p.p.m.)..... 
Naty OL BOHOS (79) s.26!5: 6-3 seb a se Sod DO os 
Biochemical oxygen demand (p.p.m.). . . 
sO 
IB. colt, PORE ID... 56. 
absent Mi... .... eA 
Total organisms, per ml... . 
Nitrogen in solids (%)...... 
Carbon in solids (%). . 


| 
Raw Sewage | Imhoff Tank Effluent ary 
pi cs a ee ee Se ee ee 
215 98 - 
—— 97.9 | — 
21.44 — | §2.35 
200 120 | 
ta 6.5 — 
1/1,000,000 ml. 1/100,000 ml. — 
— 1/1,000,000 ml. -- 
500,000—1,000,000 370,000-570,000 — 
2.93 _ 2.55 
21.34 — 11.53 
9.10 — 4.01 


Grease ANVRORGS Cp): 228 iad as ies oS 


children. The basie food of the native 
is mealie meal, i.e. corn meal, approxi- 
mately 96 mesh, and this is issued at 
the rate of 10.5 Ib. per man per week, 
5 lb. per woman, and 5 Ib. per child. 
In addition the natives receive a va- 
riety of other food stuffs, as shown in 
Table 1. 

The above is typical of the rations 
supplied by the Company compound 
and has been found to be well-balanced 
and ample in quantity for the average 
individual and family. The native, of 
course, is quite at liberty to, and fre- 
quently does, purchase additional food 
from time to time. In addition, a num- 
ber of families augment their ration 
from small garden plots in the area 
surrounding the compound. On the 
whole, however, this table represents 
the typical diet of the African in Wusa- 
kili compound. 

The analytical data for the raw sew- 
age, Imhoff tank effluent, and digested 
sludge are given in Table 2. The de- 
terminations were carried out using 
standard procedures (1). Chloroform 
was employed as the solvent for grease. 

From the above analytical data and 
other information obtained during the 
operation of these tanks exclusively on 
native sewage it is possible to calculate 
a number of variables in terms of 
grams per capita. These are given 
in Table 3. 

The suspended solids in the raw sew- 
age and Imhoff tank effluent are about 








normal for sewage works serving a 
European population. Practically the 
entire content of suspended solids in 
the Imhoff tank effluent is organic in 
nature, and it is therefore apparent 
that settlement of the heavier inorganic 
particles is excellent. 

Ash of the suspended solids is only 
slightly lower than the average for 
domestic sewage. ‘There is a tendency 
for Africans to include more of the 
coarser portions of vegetables, fruits, 
and meats in their diet, and they are 
less fastidious im removing dust and 
dirt from foodsiufis than are Euro- 
peans. Both these factors would tend 
to raise the ash content of sewage. 


TABLE 3.—Amount and Nature of Raw 
Sewage and Digested Sludge from 


| 


Solids (gm./cap./day) 








| Mineral | Organic Total 
ee nee eee | Ree See Beanie at 
Raw Sewage: 

Suspended solids .| 9 33 42 
Settleable .....| =—— | lee 
Non-Settleable .|_ 0 19 | 19 

Nitrogen...... a - = | 1.23 

AFOON ies tikes - - 8.96 

AGPOABE)s fo6 6 0 $100) | - 3.82 

| 
Digested Sludge....| 6.28 | 5.72 | 12 

Nitrogen.........| — — 0.30 

CBTDON «<0: 055. - — ae 

Grease...........| — | — 0.48 





On the other hand the ash content of 
the native’s staple article of diet, 
mealie meal, is somewhat lower than 
the ash of the more varied foodstuffs 
used by the white race. The result is 
a domestic sewage differing only 
slightly in ash content from that found 
in other parts of the world. 

The ash content of the digested 
sludge is rather higher than that found 
for domestic sewage elsewhere. This 
is probably due chiefly to clay par- 
ticles which are not settled out in the 
sand traps. African women generally 
use a handful of fine sand or clay to 
scour utensils or even to scrub their 
hands. The data show that practically 
none of this inorganic matter goes out 
in the Imhoff tank effluent, and nearly 
all is flocculated with the aid of the 
organic matter in the tanks. 

The figures for B.O.D., pH and bac- 
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terial numbers are about what one 
might anticipate from an ordinary do- 
mestic sewage. Similarly the nitrogen 
contents of raw suspended solids and 
digested sludge do not differ very ma- 
terially from similar installations else- 
where. The large percentage decrease 
in earbon content from the solids of 
raw sewage to digested sludge is a re- 
flection of the high carbohydrate con- 
tent of the native diet. Grease, soaps, 
and fats of raw sewage are on the 
high side, indicating a strong tendency 
for froth formation. 


Summary 


As a result of studies carried out a 
large African compound in Northern 
Rhodesia, analytical data are presented 
on the effect of native diet on the com- 
position of sewage and operation of 
Imhoff tanks. 
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TREATMENT OF SULFITE WASTE LIQUOR ON HIGH 
RATE TRICKLING FILTERS * 


By RicuHarp G. TyLER, WILLIAM MASKE AND ROBERT BREWER 


Respectively, Professor of Sanitary Engineering, University of Washington, in Charge 
of Disposal Project, Pulp Mills Research; Associate Research Chemist, Pulp 
Mills Research; and Assistant Chemist, Pulp Mills Research 


In January, 1944 the pulp and paper 
mills in the state of Washington en- 
tered into a 5-year contract with the 
University of Washington under which 
the latter was to organize and carry on 
research on the utilization and dis- 
posal of sulfite waste liquor (herein- 


after termed ‘‘SWL’’) and_ other 
wastes from the participating mills, 
who in return would finance the re- 
search within the limits mutually 
agreed upon. The University, through 


the Dean of the Graduate School, 
placed an existing Committee on Lig- 
nin and Cellulose Research in charge 
of initiating and directing the pro- 
cram. A technical committee repre- 
senting the industry advises with the 
University’s committee and serves as 


a liaison between the mills and the 
University. 
The program is divided into the 


following three projects: 


. Utilization of sulfite waste liquor. 


1. Basie lignin research. 
9 
3. Disposal of sulfite waste liquor. 


Each of these projects now has its 
own staff and laboratory and is work- 
ing on those problems which it selects, 
with the advice of the above mentioned 
committees, as most important and im- 
mediate. The present paper deals with 
one phase of the activities of the Dis- 
posal Project. 








* Presented at 1946 Annual Meeting of 
the Pacific Northwest Sewage Works Assn.; 
Gearhart, Ore.; May 22, 1946. 


As a first step in initiating research 
on the disposal of SWL, a brief sum- 
mary of the known facts about the 
liquor and its biochemical treatment 
was compiled. These facts and the 
reasons why high rate filtration was 
selected as the first method of disposal 
to be investigated in the present re- 
search can be stated briefly. 


1. SWI is an acid waste from the 
manufacture of wood pulp, having 12 
to 13 per cent solids in solution, mostly 
organic, and lacking in nutrients re- 
quired for bacteriological growth. 

2. Nutrients not present in the SWL 
must be added for satisfactory growth 
of micro-organisms. Specifically, the 
liquor has been assumed by investi- 
gators to be a deficient in nitrogen and 
phosphorous. 

3. The activated sludge method has 
been successfully used on a laboratory 
scale for treating SWL-sewage mix- 
tures in concentrations not exceeding 
10 per cent of concentrated SWL 
(12,000 to 13,000 p.p.m.). 

4. Treatment of SWL on filters has 
been in progress in Wisconsin but to 
date results and operating conditions 
have not been made available.* 

3. One of the authors in 1939-40 
operated two 6-ft. diameter high rate 
filters on SWL-sewage mixtures, and 
later on SWL dilutions to which 


* Since the preparation of this paper, the 
authors have had the opportunity of studying 
a summary report on the Wisconsin research. 
See THIS JOURNAL, 18, 4, 671 (July, 1946). 
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ammonia had been added. Among the 
phenomena studied, along with the 
biochemical digestion of SWL, were 
(a) methods for handling excessive 
growths of molds in the filters; (b) 
difficulties encountered in the use of 
the standard B.O.D. test with SWL; 
(c) problems arising from excessive 
foaming and (d) methods for adjusting 
the pH of SWL. 


Analysis of the Problem 

The liquor contains approximately 
10 per cent of volatile (ash-free) solids 
with 12 to 13 per cent total solids, 
practically all of which are in solution. 
The four major components of SWL 
are the carbohydrates, lignin, several 
inorganic chemicals and a group of 
volatile organic compounds. The carbo- 
hydrates consist principally of sugars; 
lignin is the cementitious material in 
the wood; the inorganic chemicals come 
from the solvents used for dissolving 
the lignin and include free and loosely 
combined SO,; and the volatile organic 
compounds inelude alcohol, acetic acid 
and other by-products of the cooking 
process. Of these, the most important 
from the standpoint of this investiga- 
tion are the carbohydrates, SO,, and 
the volatile acids. 

To utilize the currently accepted 
methods from the field of sewage treat- 
ment in treating the liquor would re- 
quire prior neutralization to raise the 
pH from a value of from 1.5-2.5 to 
a pH of 7.0-7.3. This requires con- 
siderable quantities of lime or caustic 
and would add greatly to the cost of 
treatment. There is an obvious ad- 
vantage, therefore in experimenting 
with disposal methods at a low pll 
where the addition of lime is unneces- 
sary. 

It should be mentioned also that the 
nitrogen content of the liquor is only 
about 0.1 per cent on the basis of 
dry solids. It would appear neces- 
sary to add nitrogen (and possibly 
phosphorous) as nutrients to sustain 
bacterial growth. In some of the re- 
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search hitherto done on SWL, added 
sewage furnished these essential ele- 
ments. In the present research, where 
nitrogen has been used it was added 
as ammonium hydroxide since our 
previous experience had _ indicated 
that the micro-organisms in the filter 
could utilize ammonia nitrogen. 


The Origin of the B.O.D. of SWL 


The necessity for treating sulfite 
waste liquor arises primarily from its 
high oxygen demand and the con- 
sequent depletion of the dissolved 
oxygen content of waters into which 
it is discharged. No materials toxic 
to fish life are present in the liquor 
so far as is known. While the low 
pH! of the liquor may also be objec- 
tionable under some conditions, ample 
dilution by the receiving waters may 
prevent it from becoming a problem. 
It is obviously important, however, to 
find methods for removing much of 
the oxygen demand exerted by the 
liquor. 

The B.O.D. of SWL originates in 
its component fractions. One re- 
search * in this field divides the re- 
sponsibility for the 5-day oxygen de- 
mand approximately as follows: 


TABLE I.—Source of B.O.D. of SWL 


Per Cent of 


Component Total B.O.D. 


Immediate chemical demand (SO.).... 11 
SoS thee ear Ad. sa.) ol 63 
ACEO RONG 6 so .2 5 hig Soca a prey 12 
Alcohols (approximately)............ 1 
Aapnin, TUITUTAl, CLC... 55 os. ass 13 


These percentages are in terms of 
the actual B.O.D. as determined by 
test rather than of theoretical values. 
Computations based upon two analy- 
ses taken from Benson and Partansky 
give a much larger importance to 
lignin as compared with the sugars. 
Table II gives the computed, or theo- 
retical, B.O.D.’s for the components 
as determined by these two tests, and 
may be considered as the maximum 

* William R. Barber, Crown Zellerbach 
Corporation, Camas, Washington, 
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TABLE II.—Computed B.O.D. of Sulfite Waste Liquor ' 
Sample One | Sample Two 
| | Computed B.O.D. Computed B.O.D. fie 
Component | Grams foul eae Sapa OO Grains Pre ~ a Computed as 
.} Solids > ‘ er Solids : ‘ | 
titer | (%) ppm. |cf Total Hiter | “(%) P.P.M | of Total’ 
: B.O.D. B.O.D. | 
Formic | ; 
Acid. 0.63 | 0.53 218.9} 0.155 1.19 0.86 413.5 0.25 | HCOCH 
Acetic 
Acid...| 4.68 | 3.95! 4,990 | 3.36 | 5.22 | 3.77| 5,560 | 3.38 | CH,COOH 
Methy l | } 
Alcohol. | 1.26 | 1.07| 1,880 1.27 | 0.72 0.52 1,079 0.65 | CH;0H 
Ethy!] | 
Aleohol. | 0.171 0.14 | 300.8 | 0.20 | 0.230 0.17 439.5 0.27 | C:-H;OH 
Acetone...| 0.134 0.11 295.6 | 0.19 | 0.099 0.07 218.2 0.13 | CH;COCH; 
Furfural 0.285 0.24 | 474.6} 0.32 || 0.244 0.18 406.5} 0.25 | C;H,O. 
Pentose. 2.55 2.16 | 4,246 2.86 | 3.37 2.43 5,610 3.41 | CsHwOs 
Hexose. . 17.5 14.8 | 18,770 12.65 1 12.3 18,240 Ga CeH pO¢ 
Lignin 61.5 §2.2 | 117,011 | 78.9 | 69.6 50.2 | 132,500 80.5 CgHeOis 
Mise. 29.3 24.8 | — — 40.93 29.5 —_— — al 
Total 118.0 | 100.0 | 148,186.9 — ||138.7 100.0 | 164,466.7 —— | 


1“\fethods of Analysis of Sulphite Waste Liquor” by A. M. Partansky and H. K. Benson. 


possible demands for these various 
materials. 

The 5-day and even the 20-day 
B.O.D. depends much more on the 
chemical demand from SO, and on the 
B.O.D. of the carbohydrates than it 
does on that of lignin. It is essential, 
therefore, that any acceptable treat- 
ment should take care of the maxi- 
mum possible oxygen demand from 
SO, and carbohydrates. 


Selection of a Method of Treatment 


The principal oxygen demand of 
both sewage and SWL arises from 
carbohydrates. Sinee trickling filters 
and the activated sludge process have 
been the most successful methods em- 
ployed in handling sewage, it seemed 
probable that these methods would 
also prove most satisfactory in treat- 
ing SWL. In 1939 and 1940, there- 
fore, the senior author started re- 
search on the treatment of SWL on 
a two-stage, high rate trickling filter. 
In this research, difficulties were en- 
countered with growths of molds in 
the filters which produced clogging 


and with B.O.D. problems that ap- 
peared easier to study on smaller filter 
units. When the present research 
was undertaken, therefore, it was de- 
cided to set up a number of small, 
laboratory-scale, high rate trickling 
filters so that it would be possible to 
examine the numerous factors in- 
volved in the biochemical treatment 
of the liquor without entailing too 
ereat an expenditure of time and 
money in making changes found to be 
necessary as the research proceeded. 

Another consideration was involved 
in the selection of the method of treat- 
ment to be used. Again referring to 
experience in the field of sewage treat- 
ment, it has been found that methods 
of oxidation are more effective, or 
more rapid, than those of reduction. 
An examination of a typical B.O.D. 
eurve indicates that aerobic oxidation 
proceeds at a rate of 20.6 per cent per 
day at 20° C., while a study of anaero- 
bie processes indicates an average rate 
of breakdown of about 8.4 per cent of 
the existing organic matter per day. 
It was thought advisable to take ad- 
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vantage of the higher efficiency of 
aerobic decomposition which would 
dictate the use of filters or the acti- 
vated sludge process. The former was 
selected as it had the further advan- 
tages of simplicity of operation and a 
greater ability to withstand the shock 
of wide variations in loading. 


Organisms for Seeding the Filters 


In starting the treatment of SWL 
with high rate trickling filters, the 
first problem encountered was to de- 
termine the type of organism to be 
used in seeding the filters. Work 
hitherto done with the liquor has been 
earried out at a pH of 7.0 or there- 
abouts, so that the organisms normally 
found in sewage filters could be em- 
ployed. It has already been men- 
tioned that high rate filters in Wis- 
consin were being operated at an acid 
pH but data concerning filter flora, 
loading, nutrients, and other details 
of this research had not been pub- 
lished at the time of preparation of 
this paper. One of the authors, how- 
ever, was shown the Wisconsin ex- 
perimental unit by Averill J. Wiley, 
Acting Co-ordinator. The authors, 
for reasons of economy, decided to 
initiate experiments with filters at an 
acid pH as near that at which the 
liquor is discharged from the mill as 
was found practicable. This required 
the development of organisms that 
could function at a low pH and utilize 
the liquor with such added nutrients 
as might prove necessary. Experi- 
ments were therefore started at pH 
values of 3.0 and 7.0. 

For seeding the filters operated at 
a pH of 7.0, organisms were obtained 
from a local sewage filter. Since no 
information was available concerning 
organisms that would function at a 
pH of 3.0 in high rate filters, pre- 
liminary experiments had to be run 
for discovering such organisms. There 
are, of course, many forms of molds 
and yeasts that live normally at a 
low pH. Whether these could utilize 
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SWL was not known. Samples of 
soil were collected from various 
sources where it was thought organ. 
isms having the desired characteristics 
might be found. One soil sample was 
obtained where SWL had been pereo. 
lating through the soil for some years 
and where it seemed likely that the 
micro-organisms might have become 
acclimated to the liquor. <A sample 
of acid soil from a swamp and an- 
other containing decaying wood were 
also utilized. 

SWL diluted with 90 per cent water 
was seeded with these soil samples and 
aerated until a substantial growth of 
micro-organisms appeared. This was 
continued for some time, supplying 
additional diluted SWI daily. After 
a sufficient growth of micro-organisms 
had oceurred, several small filters 
were started by recirculating through 
them the SWL dilution seeded with 
these organisms. The filters consisted 
of 214-in. diameter Lucite tubes, 5 ft. 
long, containing a 4-ft. depth of gravel 
or crushed stone, 1% in. to 1 in. in 
diameter. It was anticipated that 
trouble from clogging and consequent 
ponding would result from using such 
small media but this was as large as 
could be used satisfactorily in so small 
a tube. Phosphorus and some addi- 
tional nitrogen were added as_ nutri- 
ents. 

Ten experimental filters of this type 
were put in service using various rates 
of treatment and operating at varying 
values of pH from 3.0 to 7.0. Later, 
when the intermediate pH __ filters 
showed no particular advantage over 
those operating at these two limiting 
values, all were arranged to operate 
in pairs of one pH 3 and one pH 7 
unit, each pair receiving a different 
dosage. The pH of the effluent was 
usually slightly lower than that of the 
influent. After several weeks opera- 
tion, the filters became seeded suffi- 
ciently to warrant starting a regular 
schedule of tests to determine their 
effectiveness in digesting the SWL. 





th 


qu 


me 
th 
th 


ste 
th 
Siz 
vic 
th 
shi 


clr 
pa 
pu 
ma 
pas 
filt 
ay 


ful 


ust 
tio 
vid 
the 
ere 
ent 
It 
tio 
res 


woe weer ms & VS "SS GZ ~ 








Vol. 18, No. 6 


Much time was spent in developing 
feeding and pumping mechanisms 
suited to the handling of the small 
quantities of acid materials involved. 
This was a laborious process which 
need not be described here and one 
which has continually undergone evo- 
lution from the beginning of this re- 
search to the present time. In fact, 
the major difficulties that have been 
encountered in the present research 
have been caused by defects in, and 
breakdowns of, pumps and their oper- 
ating devices. Such difficulties have 
caused irregular treatment of the filt- 
ers, thus permitting occasional dying 
out and decomposition of organisms 
or the clogging of filters with conse- 
quent deterioration in the quality of 
the effluent. 


Description of the Filters 


Figure 1 shows the general arrange- 
ment of the experimental filters and 
the operating mechanism. Because of 
the low pH, metal pumps could not 
be used unless they were of stainless 
steel and these were not available in 
the small capacities required by the 
size of the filters. Air pumping de- 
vices of various kinds were developed, 
the most satisfactory being the type 
shown in the sketch. 

Since air was being used for re- 
circulating the liquor, it was also 
passed through the filter for aeration 
purposes. Later, arrangements were 
made to by-pass most of the air and 
pass only a small amount through the 
filter and thus more closely simulate 
conditions which might be used in a 
full seale plant. 

Biofilters used for sewage treatment 
usually do not require artificial aera- 
tion if adequate bottom vents are pro- 
vided, while Aero-filters do require 
the use of blowers because of the in- 
creased volume of sewage that is pres- 
ent in the filter at any given moment. 
It was assumed that mechanical aera- 
tion might be required in the present 
research because of the greater load- 
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ings anticipated. An 8-in. filter, 4 ft. 
deep, has been in operation for some 
months without foreed aeration, but 
has experienced occasional difficulties 
from ponding. 

Briefly, the operation of the filter 
is as follows: SWL to which nutrients 
have been added is fed from a con- 
tainer A (Figure 1) to a glass settling 
tank B, through a rubber tube C, 
closed by a clamp W. A cam is used 
to open the clamp at desired intervals 
for a period of a few seconds only so 
that the tube will flow full and not 
be subject to the clogging which oc- 
eurs when an adjustable clamp is 
used to throttle the flow to the slow 
rate required. 

If the liquor accumulates in the 
settling tank B, to a point higher than 
a vertical tube outlet D, it overflows 
through this tube to the sewer. An- 
other and lower outlet E, from the 
settling tank, held by a clamp R, and 
operated by a second cam and the 
same motor, leads the liquor to a small 
bottle F, which forms the pump. Air 
from the compressor is led to this 
bottle by a tube G, and, while the 
clamps R are open, escapes through 
an overflow H into the settling tank 
so as to intercept any liquor blown 
out with the air. The lesser head of 
combined air and liquor in H lets 
the air escape through it rather than 
through E. The cam closes clamp R 
on E whereupon the air forces the 
liquor from bottle F into the upper 
end of the filter J. After passing 
through the filter, the liquor dis- 
charges to the settling tank from 
which it is recirculated as many times 
as desired by the mechanisms already 
described. The amount of feed, the 
rates of flow and, to some extent, the 
timing of the various operations, are 
regulated by adjusting screws on the 
various clamps and by controlling the 
air used in pumping. The tank A is 
large enough to contain the daily 
supply of material fed to the filter. 
A small glass tube inserted in its dis- 
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FIGURE 1.—Experimental high rate filter used in sulfite waste liquor studies. 
Pulp Mills Research, University of Washington, 1944-45. 


charge line gives a visible feed if kept 
only partly filled, so that it is easy 
to determine whether the equipment 
is feeding. 

This mechanism has been quite suc- 
cessful in its operation though it is 
subject to interferences from the 
breaking of clamps, development of 
leaks in the rubber tubing, clogging of 
tubes and filters with growths of mi- 
cro-organisms, and interference with 
the air supply from various mechani- 
cal and power difficulties. 


Control Tests 


The tests selected to determine the 
effects of treatment were those for the 
B.O.D., sugar, oxygen consumed or 
permanganate number, and the total 
and volatile solids. In addition to 
these, a number of tests for. other 
characteristics in the liquor were 
made from time to time as the occa- 
sion warranted. These included tests 
for total nitrogen and for lignin, vari- 
ous methods for determining the de- 
crease in volume and_ consequent 
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increase in concentration due to evapo- 
ration, and baeteriological methods for 
the identification of micro-organisms 
found in the filters. Standard meth- 
ods were used wherever possible with 
such modifications as were found 
necessary because of various interfer- 
ing substances in the liquor. 


Inhibiting Effect of SO. 


The inhibiting effects on the 
filter flora of free SO, contained in 
were recognized at an 
early stage of this study. It was 
decided, therefore, that all liquor 
should be stripped of its free SO, be- 
fore being fed to the filters. Several 
methods of stripping were used, the 
successful of which was steam 
stripping. This process is now in 
commercial use at alcohol plants 
utilizing SW, such as that of the 
Puget Sound Pulp and Timber Co. at 
Bellingham, Wash. Here the steam 
is passed upward through an_ insul- 
ated stainless steel sieve-plate column 
countercurrent to the’ controlled flow 
of SWL. In the laboratory a glass 
tube filled with Raschig rings and sur- 
rounded by a steam jacket was used. 
The liquor was preheated to minimize 
its dilution by excessive condensation 
of the steam. In this process, the free 
and some of the combined SO, is re- 
moved and may be recovered from the 
discharging-steam. The pI is raised 
by the removal of SO, so that, after 
adding the nutrient, ammonium hy- 
droxide, which raises it further, the 
pH is 3.8 to 4.0 The low pH filters 
have been operated at pH 3.8 to 4.0 
since steam stripping was begun, 7.é. 
since September, 1945. 

Another method for removing the 
SO., that was used earlier consists of 
its oxidation using activated carbon 
as a catalyzer. In this case, pre- 


the liquor 


most 


heated SWL was passed downward 
through a steam jacketed glass tube 
containing the carbon accompanied 
by an approximately equal volume of 
air, 


A satisfactory rate of treatment 
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was found to be about 140 gal. per 
cu. ft. of carbon per day. Difficulties 
from clogging of the carbon with 
CaSO, was experienced but a method 
for preventing this was developed. 
In this catalyzer, the free SO, is 
oxidized to SO,. This unites with 
water to produce H.SO, which pre- 
cipitates calcium from the liquor as 


CaSO,. Precipitation starts in the 
catalyzer and continues for some 
hours after discharge therefrom. The 


pH remains practically constant dur- 
ing this operation (about pH 38 after 
the nutrients are added) indicating 
that the precipitation of CaSO, ap- 
proximately neutralizes the effect of 
the increased acidity of the SO, pro- 
duced. 

The third method of eliminating 
free SO, consisted of neutralizing it 
with ammonium hydroxide. This 
process was less satisfactory, as meas- 
ured by filter efficiencies, than the 
other two. Some investigators who 
state that it is unnecessary to elimi- 
nate the SO, before submitting the 
SWI to biochemical treatment adjust 
the pH with ammonia and lime. The 
ammonia neutralizes the free SO, so 
they actually do remove the SO., be- 
fore treatment. 

Even the steam stripped liquor de- 
velops free SO, if allowed to stand 
for any appreciable length of time. 
There is a gradual change of loosely 
combined SO, to free SO, after the 
latter has been removed. The quan- 
tity thus produced is large enough 
to interfere with biochemical activi- 
ties. This action is greatly accelerated 
by heating. The stripping, therefore, 
should not precede by too long a time 
the application of the liquor to the 
filters or the free SO, which reappears 
will interfere with the activity of the 
micro-organisms. 


Evaporation 


The high rate of evaporation which 
takes place in the filters under the op- 
erating conditions employed has caused 
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considerable difficulty in securing ade- 
quate interpretations of the test data. 
Various methods have been used in 
trying to correct for this evaporation 
but its determination is not a simple 
matter. Since it has sometimes reached 
50 per cent of the total volume fed to 
the filters, and since this amount varies 
with the amount of foaming occurring 
in the filters, the volume of air used in 
pumping and in aerating the filters. 
and the temperature and humidity of 
the air, it is obviously important to 
determine accurately its magnitude 
and to endeavor to reduce it in so far 
as possible. To accomplish the latter, 
the air was for some time bubbled 
through a column of water so that it 
would be as nearly saturated as pos- 
sible before reaching the filters. This 
cut down the evaporation somewhat but 
was not a complete solution of the 
problem and was later abandoned. The 
increase in concentration was there- 
after computed from the ash content 
on the assumption that this factor 
would be the same for the effluent as 
for the influent. 

Studies were made of several other 
methods for determining the amount 
of evaporation but none of these ap- 
peared as satisfactory as the ash de- 
termination. Our studies included 
volumetric measurement of influent 
and effluent and tests for some fraction 
of the liquor, such as the lignin, which 
was assumed to be only slightly 
changed by filtration. The ash de- 
termination, however, was finally, se- 
lected as the best method for computing 
the increased concentration. Prelimi- 
nary tests indicated that the error 
caused by the loss of organisms in the 
effluent, or filtered out of the sample 
before testing, was less than 5 per 
cent. This method, therefore, has been 
used to correct all results for evapora- 
tion since September, 1945. 


Procedure 


The problems investigated included 
the effect on B.O.D. and other charac- 
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teristics of the liquor of (1) pH; (2) 
temperature; (3) concentration ap. 
plied to filter; (4) filter loading; (5) 
recirculation ratios; (6) nutrients 
added; (7) number of stages; and (8) 
preparation or pretreatment of the 
liquor. 

The procedure employed consisted of 
changing a single variable and then 
operating the filters for two weeks or 
for such period as was found to be re- 
quired to reach a condition of stability. 
Tests were then run and such changes 
made in operating procedure as ap- 
peared warranted from the results ob- 
tained. In this way, the various factors 
affecting the rate of growth of organ- 
isms in the filters and the breakdown of 


the liquor which they produced were de- 
termined. The work was complicated 
by the mechanical difficulties in opera- 
tion heretofore discussed. By using 
multiple filters, however, it has been 


possible to make reasonably satisfac- 
tory progress. 


Results 


A detailed statement of test data and 
the various difficulties encountered will 
not be attempted. Figures 2 and 3, 
which summarize the results obtained 
from two extended series of tests, will 
give a better conception of findings 
than would more detailed data. Figure 
2 shows the percentage and total re- 
moval of B.O.D. with varying filter 
loadings, while Figure 3 gives similar 
data for the removal of sugars. 

The first series covers the period 
from the beginning of the research to 
August, 1945, while the second series 
carries on from that date to the present. 
The first series represents the earlier 
work which started with very meager 
data and mechanisms for feeding and 
recirculating the liquor. The more fre- 
quent clogging of the filters with con- 
sequent detriment to effluents, the less 
efficient methods of stripping the liquor 
of SO,, and the lesser skill to be ex- 
pected in meeting new problems of 
utilizing a new type of filter flora, all 
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Filter Loading—Lb. B.O.D. per Cu. Yd. per Day. 
FIGURE 2.—Relationship of filter loading to B.O.D. removal. 


interfered with the securing of high 
efficiencies. 

The second series began after the 
pumping and feed mechanisms for -the 
filters had been completely redesigned 
and rebuilt. Steam stripping was in- 
troduced at this time, also, and a cor- 
rection for evaporation losses rather 
than attempted reduction of evapora- 
tion was practised. The steam stripped 
liquor has a higher pH (3.8 to 4.0 
after addition of nutrients) which is 
more favorable to yeast growth. Also, 
the experience gained in the first series 
made more skillful operation possible 
in the'second. All of these factors ex- 
plain, in part at least, the higher effi- 
ciencies that have been attained in the 
latter series. 


The points shown in Figure 2 repre- 
sent group averages for 85 separate 
tests in each series. Each test repre- 
sented results obtained on an indi- 
vidual filter after operating at a given 
concentration for a period of two weeks 
or more. The lines drawn indicate 
trends rather than statistically accurate 
averages since the latter would sug- 
gest an accuracy not justified by the 
data because of fairly large individual 
fluctuations. 

The first thing that one notices in 
studying Figures 2 and 3 is the fact 
that both the 3.0 and the 7.0 pH filters 
are doing an extraordinarily good job, 
especially as to loadings. One needs 


- only remember that for high rate sew- 


age filters loadings of 2 or 3 Ib. B.O.D. 








1164 


SEWAGE WORKS JOURNAL 


November, 1946 



























































5 770 7B 2p 2E Ip 
| | 
J i 
g 15 " 
# | 
a 
lie 
N | 
} | 
S | 
Yy {5 
y | 
g, | | 
S| | | 
Ylo | | 
O- pt| 7 Filtens, Ist Series Data 
®- pH 3 Filters, /s* Series Deta 
© =F 7 Filters , 2nd Geries Data 
» | @- pH 3 Filters , ond perres Dera | 
i 4 
| i 
— | | 
3} <4 7 | 
f \ ~N z= | | 
5 12 an | in 1s { 
Y 7 7 ea ee | 
, ND ee BO 
| | 
y i oe i " 
Kh 70 ee 
~. ° e 
} | Y 
. | N 8 
5 60 { Rian: 
iy | N 
| ~~ 
| s 
50 
| 
| | 
i ae er oa ae 














Filter Loading—Lb. B.O.D. per Cu. Yd. per Day. 
FIGURE 3.—Relationship of filter loading to sugar removal. 


per cu. yd. per day are commonly ob- 
tained, with about twice these amounts 
for strong industrial wastes, to appreci- 
ate the effectiveness of the yeasts, 
molds, and bacteria comprising the 
flora in these filters. Nor do the curves 
indicate that the filters have reached 
their maximum loadings. Further in- 
ereases in loading are now being ap- 
plied to the filters. This paper will 
serve, therefore, as a progress report 
on the work done to date. 

From the graphs it is apparent that 
the percentage removals of B.O.D. and 
sugars decrease with increasing filter 
loading, as would be expected. The pH 


7 filters maintain slightly higher effi- 
ciencies than do those at pH 3. Greater 
percentage removals of sugars are pro- 
duced than of B.O.D. At a loading of 
25 lb. B.O.D. per cu. yd. per day sugar 
removals are nearly 80 per cent while 
B.0.D. removals approach 50 per cent. 

While the percentage removals drop 
with higher loadings, the total weight 
of both B.O.D. and sugars removed 
steadily increases with loading. Here 
also, the pH 7 filters have a slight ad- 
vantage over the acid filters. At the 
maximum loadings attained to date, 
14.5 lb. of sugars and 12 Ib. B.O.D. per 
cu. yd. per day have been removed by 
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individual filters at pH 7.0, while the 
corresponding removals at pH 3.0 were 


13 Ib. of sugars and 10 Ib. of B.O.D. 


Sugars 


Where the term ‘‘sugars’’ is used in 
this paper, it refers to total reducing 
substances (by copper) and is used 


as an abbreviation for the longer desig- 
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nation. The fermentable sugars in 
stripped or unstripped SWL are ap- 
proximately 70 to 85 per cent of the 
total reducing substances, though this 
is a variable ratio. 

The test for sugars has been used in 
this research because it is quickly and 
easily made by the modified Folin-Wu 
clinical test, using a electrophotometer, 


TABLE III.—Relationship of Sugar and B.O.D. Removals to Filter Loading 
1st Series (June 1944 to Aug. 1945) 
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B.O.D. Removal 











No. of | “(b, B.O.D./ —_—— _— : 
i cu.yd.) Per Cent \Lb. per Cu. Yd. . eu.yd.) Per Cent | Lb. per Cu. Yd. 

7.0 pH Filters 
e $$ _—___—_— oe ee 
1313 | 765 | 6.25 | 4 | ma .| eet 6.71 
5 10.52 | 80.1 | 5.85 3 10.52 | 39.6 4.17 
8 833 | 795 | 4.85 8 | 844 | 545 4.59 
) 417 | 802 | 315 | 5 | 5.26 | 47.3 2.49 
13 1.75 a ee ae 313 | 62.7 | 1.80 

3.0 pH Filters 
13.13 os | 51 | 1 | 1818 | 247 3.25 
{ 10.52 52.7 4.35 3 | 10.52 27.0 2.84 
8 8.33 70.0 436 | 7 | 849 36.4 | 2.98 
21 1.75 76.4 2.85 } 22 | 4.14 51.6 | 2:35 
15 2.16 85.7 1.53 6 2.42 84.7 2.13 

2nd Series (Aug. 1945 to date) 
7.0 pH Filters 
frei $$$ se 

8.97 75.6 | 565 | 2 | 925 | 52.5 | 4.91 
7 10.85 | 81.7 448 | 18 | 10.85 | 81.0 | 8.79 
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2 18.82 | 68.0 8.97 7 14.51 64.8 9.41 
I 22.20 | 738 8.22 3 15.52 58.9 9.15 
2 25.40 | 67.5 12.89 1 18.45 39.6 7.31 
| 1 22.20 55.8 12.39 
| 1 25.40 44,7 11.37 
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and also because it was assumed early 
in this research that the larger part of 
the B.O.D. was produced by sugars and 
free SO,. Since the free SO, is elimi- 
nated by stripping, the sugars remain 
as the principal source of B.O.D. The 
sugar test should give an approximate 
measure of the B.O.D., therefore, and 
should be a useful test for checking on 
filter operations more quickly and more 
easily than with the B.O.D. determina- 
tion. The test has proven useful for 
this purpose and has contributed to our 
understanding of the B.O.D. of SWL. 

For example, if sugars are the prin- 
cipal materials to be digested, yeasts 
are the most effective organisms to use 
for that purpose. The dying out and 
decomposition of molds further in- 
erease the B.O.D. and, while molds play 
some part in the digestion of SWL, it 
is questionable whether their aid out- 
weighs the detrimental effect of their 
decomposition on the B.O.D. Autoly- 
sis of micro-organisms creates a serious 
problem in the treatment of SWL and 
it is important either to prevent the 
erowth of the more troublesome ocrgan- 
isms in the filters and settling tanks, 
or endeavor to remove them continu- 
ously before septic action sets in. 
With the use of yeasts, short detention 
periods help to minimize this factor. 
In all this, the pH 7 filter does slightly 
better than those at pH 3 to 4. 

The relationship between the remov- 
als of sugar and of B.O.D. varies with 
the filter loading. A removal of 77 per 
cent of the sugars at a loading of 25 
lb. per cu. yd. per day results in a re- 
moval of 49 per cent of the B.O.D. as 
read from Figures 2 and 3. At a load- 
ing of 10 lb. B.O.D. per cu. yd. per 
day the corresponding removals of 
sugars and B.O.D. are 80 and 76 per 
cent, respectively. Whether this indi- 
cates the possible accomplishment and, 
at the same time, the probable limita- 
tion of laboratory-scale filtration of 
SWL remains to be more definitely de- 
termined by a continuation of the 
present research. 
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Another question to be answered js 
what produces the B.O.D. unaccounted 
for by the sugars. At the present state 
of our knowledge of SWL it appears 
that there is too little breakdown in the 
lignin to account for the unexplained 
B.O.D. It seems reasonable, also, to ex- 
pect that the more volatile fractions of 
the SWL are removed to a considerable 
extent by steam stripping along with 
all of the free and approximately one- 
half of the loosely combined, SO,. This 
would leave only the sugars and since 
these do not account for the total 
B.0.D., it is possible that partial clog- 
ging of the filters may be occurring, 
accompanied by the death and decay 
of more than the average number of 
micro-organisms, resulting in an in- 
creased B.O.D. It is obviously im- 
portant, therefore, to prevent, in so far 
as possible, autolysis from occurring 
in the filter, to keep filters flushed out 
and to prevent septic action in settling 
tanks. 


Sludge 


To date, the sludge problem has been 
studied only sketchily since in such 
small laboratory units the unloading 
of the filter made of small media can- 
not be expected to indicate what would 
occur in a full-scale unit with its 
larger sized rock. The settling com- 
partments have served primarily as 
pump sumps and were made small 
enough to prevent the liquor from re- 
maining in them long enough to be- 
come septic. However, accumulations 
of molds and other organic matter ap- 
pear in the pH 7 settling tanks and 
require occasional removal. In these, 
a sludge problem undoubtedly exists. 
The liquor is dark and cloudy and at 
times may become septie and odorous. 

As for the low pH settling tanks, 
however, sediment does not accumulate 
at the lower filter loadings but at 
higher loadings yeast cells accumulate 
in the bottom of the tanks. In a full- 
scale plant, these would doubtless be 
removed for commercial use. The 
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liquor is usually quite clear, about the 
eolor of tea, and unobjectionable as to 
odor. At present, an 8-in. diameter 
filter is in operation which may afford 
a better opportunity for investigating 
the sludge problem. 

Little attention has been given to 
detention periods and overflow rates to 
date since with the higher recirculation 
ratios used, detention has been a matter 
of only a very few minutes. 


Tentative Conclusions 


Conclusions drawn to date from our 
research on the high rate filters include 
the following: 


1. Free SO, and possibly loosely com- 
bined SO, in the SWL inhibits the 
growth of the micro-organisms in filters 
and should be removed, preferably by 
steam stripping, for satisfactory filter 
operation. Steam stripping, which re- 
moves the free SO, and over half of 
the loosely combined SO.,, increases the 
pH from 1.5 to about 3.5, a more favor- 
able value for yeast growth. 

2. No other inhibiting material has 
been isolated from the SWL but since 
the efficiency of treatment decreases 
with increasing concentrations of the 
liquor, such inhibitors may be present. 
For example, molds such as Penicillium 
died out when the concentration of the 
influent was increased to 40 per cent 
SWL or more, but developed in abun- 
dance at lower concentrations. It is 
possible that the increased concentra- 
tion of some substance present in the 
liquor inhibited continued growth of 
the mold. It is not the pH that inhibits 
its growth since the pH was kept con- 
stant. This inhibiting condition should 
not be confused with toxicity; it fre- 
quently accompanies increasing con- 
centration of salts in the field of 
biology. The Penicillium, incidentally, 
eventually accommodates itself to the 
higher concentration and reappears. 

3. pH 7.0 filters are somewhat more 
effective in removing sugars and B.O.D. 
but will be more expensive to operate 
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because of the large quantities of lime 
required for adjusting the pH, and 
will engender more of a sludge problem 
than low pH filters. 

4. The organisms involved at pH 7 
are yeast, molds, and various types of 
bacteria. At pH 3 to 4, similar yeasts 
and a few molds are found. 

5. The filters are quite sensitive to 
changes in temperature and the activ- 
ity of the micro-organisms decreases 
rapidly at temperatures below 22° or 
23° C. At the concentrations indicated 
by the present tests, sufficient heat is 
available in the liquor as it comes from 
the digester to keep the filter at the 
desired temperature, if adequately 
housed or insulated. 

6. Little additional advantage has 
been observed when operating at tem- 
peratures above 25° C., the tempera- 
ture at which all of the 1945 research 
has been carried out, but data for 
higher temperatures are too meager to 
warrant definite conclusions. Yeasts 
should function better at around 30° C. 

7. The percentage removal of B.O.D. 
and sugars decreases while their total 
weight removed increases with the filter 
loadings. 

8. There appears to be no direct re- 
lationship between the removals of oxy- 


‘ gen consumed and of B.O.D. 


9. High recirculation ratios (up to 
100) have been utilized primarily to 
prevent clogging. Little effect on effi- 
ciency, other than from improved op- 
eration has been noted. 

10. Phosphorus as a nutrient was 
eliminated early in these experiments 
with no measurable decrease in effi- 
ciency. 

11. Two series of runs were made 
with two-stage operation but with no 
appreciable effect. The organisms in 
the first stage filter appear to have 
done all they were capable of doing and 
only slight if any improvement oc- 
curred in the second stage. 

12. The filter influents reached con- 
centrations of 80 per cent SWL (or 
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total solids of 9.5 to 10.5 per cent) in 
the second series. Apparently, the fil- 
ters may be able to take the concen- 
trated liquor since their effluent has 
had its concentration increased to more 
than 100 per cent by evaporation. 
There appears to be some danger of 
local drying accompanied by harden- 
ing to a gummy consistency difficult to 
remove from the filter. 

13. The filter is primarily responsible 
for the improvement obtained in the 
SWL as it passes through the plant. 
The settling tank had to be aerated 
when made large enough for the usual 
detention periods, or it became septic. 
The continuous removal of yeast may 
eliminate some of this difficulty. In 
this research, the settling tank served 
primarily as a pump sump and added 
little if at all to the efficiency. 

14. Small experimental filters for re- 
search purposes have the advantage of 
ease in changing the various factors 
being investigated, such as pH, con- 
centration and quantity of influent, 
rates of recirculation, temperature, 
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seeding, ete. They adjust quickly to 
changes in any of these factors. Among 
their disadvantages are troubles origi- 
nating from feeding and recirculating 
such small quantities of liquor and 
from excessive evaporation loss It 
appears also to be more difficult to se- 
cure adequate, natural aeration and to 
prevent clogging from accumulations 
of molds or other growths. 

15. All B.O.D. removals are com- 
puted on the basis of the filter influent 
which is stripped liquor. Considering 
the stripper as part of the treatment 
plant increases the overall removals 
by about 10 per cent. 

16. Several runs of the first series 
gave B.O.D. removals of 85 to 95 per 
cent for loadings of 1.5 to 5 lb. per cu. 
yd. per day. These do not show up in 
the plotted averages except for a single 
point of 84.7 (average for six runs) 
for the pH 3.0 filters on Figure 2. 
Runs at lower loadings will be _ re- 
peated with the present more effective 
apparatus to see whether these high 
values can be consistently obtained. 
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A STUDY OF WASTES FROM THE SYNTHETIC 
RUBBER INDUSTRY * 


3y O. R. Puacak anv C. C. RucHHoFT 


Water and Sanitation Investigations, U. 


The rapid creation of the war-in- 
spired synthetic rubber industry in- 
tensified the stream pollution problem 
in the already grossly polluted Ohio 
River. In addition to their B.O.D. 
load, these wastes, because of their 
taste and odor producing properties, 
present a water processing problem of 
considerable magnitude. This problem 
is increased beeause natural purifica- 
tion reactions are not effective in dilu- 
tions of these wastes in streams. These 
difficulties led to the laboratory study 
described in this paper. 

The material presented is a conden- 
sation of more comprehensive data con- 
tained in a series of unpublished Pub- 
lie Health Service reports (1). Only 
typical data are presented here, to- 
vether with the conclusions derived 
from them. Most of the discussion of 
procedures and methods contained in 
the original reports has necessarily 
been eliminated. 


Character of Wastes 

The more significant characteristics 
of these wastes, from the pollutional 
point of view, are shown in Table 1. 
Butadiene (from aleohol) and styrene 
manufacture, and copolymer plants are 
occasionally, though not necessarily, lo- 
cated closely together. The data in 
Table 1 show the characteristics of the 
wastes from a complete unit of this 
type. As shown in the table, these 
wastes are objectionable because of 
their B.O.D. contribution and their 
taste and odor imparting properties. 
In the case of butadiene waste with a 


~ 


d-day B.O.D. of 2,500 p.p.m., and re- 


* Presented at 19th Annual Meeting, Ohio 
Conference on Sewage Treatment; Columbus, 
Ohio; October 31, 1945. 


S. Public Health Service, Cincinnati, Ohio 


covery and reactor waste with a B.O.D. 
of approximately 500 p.p.m., the pollu- 
tional contribution to a stream will be 
considerable. It is also evident, from 
Table 1, that all wastes of any conse- 
quence from the synthetic rubber in- 
dustry will impart disagreeable tastes 
and odors to water supplies. Even 
after dilution more than ten times to a 
total volume of about 120 m.g.d., with 
condenser water, the odor concentra- 
tion is 460. In this high dilution, also, 
80,659 pounds of B.O.D. having a popu- 
lation equivalent amounting to 474,000 
would be produced every 24 hours. 

The taste and odor producing prop- 
erties of these wastes are important and 
unusual in that they are produced in 
low concentrations and display an ex- 
traordinary persistence. Samples have 
been held in the laboratory for several 
months with little diminution in odor, 
and even under the favorable condi- 
tions of the B.O.D. test, such as seed- 
ing, maintenance of aerobic conditions 
with a favorable pH, and temperature, 
little decrease in odor occurs up to ten 
days. Some typical results after ineu- 
bation are shown in Table 2. It is ap- 
parent from Table 2 that low concen- 
trations of the various wastes impart 
considerable odor to river water. It 
should be remembered also that with 
these wastes bad tastes are always as- 
sociated with bad odors. The data 
given illustrate that there is little odor 
removal up to ten days under these 
favorable conditions, in spite of the 
fact that there is a continuous removal 
of B.O.D. This latter fact indicates 
that odor removal and B.O.D. removal 
do not parallel each other and that 
the one cannot be used as a measure 
of the other with these wastes. 
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The persistence of these odors is 
illustrated also by samples collected 
from several widely separated plants. 
Facilities for lagooning butadiene 
waste with the addition of fly ash are 
available at one plant. Data on these 
wastes are shown in Table 3. It is esti- 
mated that the detention period in the 
lagoon is about eight days. During this 
period, the odor concentration is re- 
duced from 8,200 to 4,100. 

The following conclusions may be 
made regarding the characteristics and 
permanence of these odors: 


(1) One of the outstanding charac- 
teristics of these wastes is the perma- 
nence of their odors, even in very low 
concentrations and under the condi- 
tions most favorable for their biochemi- 
eal removal. 

(2) The odors are not removed from 
solution at the same rate as B.O.D. and 
the normal self purification occurring 
in streams will be of little assistance 
in removing them. For a considerable 
time the reduction in odor should be 
proportional only to the dilution. 

(3) The wastes produce odors which 
are easily recognizable in very low di- 
lutions. Once discharged into a stream 
they are an important factor in pre- 
venting the production of a palatable 
water for several hundred miles down- 
stream. 

(4) Simple lagooning of butadiene 
waste, with fly ash, does not effect 
sufficient odor or B.O.D. removal to 


TABLE 1.—Analysis of Typical Wastes from the Synth 





| 
| Approximate | 
| Daily Dis- 


Plant Area Involved 
charge (m.g.) 


| 


(1) Butadiene Waste......... | 1.90 


(2) Styrene Waste............ | 4.62 | 
Copolymer Plant | 

(3) Process Waste............ 2.34 

(4) Recovery and Reactor... .. 0.39 

(6) Wisin Bewer............... | 2.63 

(6) Main Outfall, Institute. ... 119.4 
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permit the effluent to be wasted into 
a stream without deleterious effects, 


Effect on Drinking Water 
Supplies 


The observed effect of tastes and 
odors on the drinking water supplies 
in the Ohio Valley during the fall and 
early winter of 1943-44 was intense 
and far-reaching. During that period, 
no filtration plant in a 250-mile stretch 
of the river was capable of producing 
a palatable water. It was found at 
this time that dilutions of rubber 
wastes in river water gave similar 
tastes and odors. Consequently, the 
treatment of dilutions of the wastes for 
taste and odor removal was _ investi- 
gated, following different methods. 
Some typical results of these tests are 
shown in Table 4. 

Extensive laboratory experiments on 
the treatment of dilutions of copoly- 
mer, butadiene and styrene wastes in 
Ohio River water warrant the follow- 
ine general conclusions: 


(1) Coagulation alone was of little 
value in removing the tastes and odors. 

(2) Treatment with ozone was value- 
less, and with water containing styrene 
wastes was worse than no treatment, 
as it produced sweet, aldehyde-like 
odors and undesirable tastes difficult 
to remove and in some cases having a 
greater odor intensity than that origi- 
nally present. 

(3) Activated carbon completely re- 


etic Rubber Industry 








Total Suspended 5-Day Odor 

pH Solids Solids B.O.D. Concen- 

(p.p.m.) (p.p.m.) (p.p.m.) tration 
2.8 300 27.6 2,550 16,100 
6.2 150 4.5 180 690 
4'3 5,580 | 123 69 62 
8.0 570 23.6 492 8,760 
7.0 6,530 46.0 168 930 
5.4 270 15.5 81 460 

















(5) Represents the mixture of (3) and (4). 


(6) Represents the mixture of (1), (2) and (5) plus large quantities of condenser water. 
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TABLE 2.—The Survival of Various Odors when Seeded and Incubated 
at 20° C. and with Dissolved Oxygen Always Present 






































Ohio River Water at Copolymer Recovery Butadiene Waste Raw Styrene 
Cincinnati, Ohio and Reactor | 
(pH 6.9) (pH 6.5) (pH 6.7) (pH 6.9) 
se dey | Concentration 100% Cone. 0.5% Conc. 0.3% Conc. 0.0125% 
at 20° C. 
ay | Dissolved OD. Dissolved Dissolved 0 Dissolved 
Gone. | Oxygen | Opin) | Conc, | Oxygen | Gone. | O*VER | Cone, | oon 
0 8 10.19 _— 32 8.96 16 8.79 2,000 8.60 
l 8 9.37 0.82 — — 16 8.21 4,100 8.04 
2 8 | 8.89 1.30 64 7.97 16 5.30 4,100 8.52 
3 8 | 8.20 1.99 64 5.67 16 4.92 2,000 8.21 
} 8 | 7.94 2.25 64 5.20 = — 2,000 7.80 
5 = | = Say 16 6.21 8 2.89 2,000 7.08 
6 | 8 | 6.50 3.69 16 4.86 32 2.31 — ee 
' | 8 | 6.46 3.73 8 4.91 16 1.43 2,000 7.42 
8 8 | 6.46 3.73 16 4.90 16 1.20 2,000 8.33 
9 8 | 5.40 4.79 32 4.35 16 1.22 2,000 5.82 
10 16 | 5.80 | 4.39 8 4.46 | 16 0.82 | 2,000 713 
1] 8 | 5.15 | 5.04 — — = — | — 
12 — | — — 
13 8 4.63 | 5.56 — | | 
14 8 3.55 | 6.64 — 
15 8 | 4.16 6.03 — 
16 32 2.87 | 7.32 - 








moved the tastes and odors, provided 


sufficient amounts of carbon were used. 
Even in low waste concentrations, large 
doses (100 p.p.m. or more of carbon) 


were required. As most water treat- 
ment plants are not equipped to handle 
and add more than 5 to 10 p.p.m. of 
activated carbon, it should be appreci- 
ated that the requirement of 100 p.p.m. 
or more involves difficult problems of 
capacity and cost. 

(4) Breakpoint chlorination gave va- 
riable results and would require careful 
control. The best results were obtained 
directly at the breakpoint; and main- 
taining this condition in practice seems 
impracticable at present. Above cer- 
tain limiting concentrations amounting 
to 0.50 to 0.90 per cent for styrene 
waste and 3.0 per cent for butadiene 
waste, breakpoint chlorination was en- 
tirely valueless. The use of breakpoint 
treatment also depended upon proper 
contact time. There was a decided 
tendency, particularly with styrene 
waste, for the tastes and odors to be- 


come intensified after 24 hours of con- 
tact with chlorine as compared with 
those noticeable after two hours’ con- 
tact. This is probably similar to the 
reaction with ozone, but the reaction 
oceurs at a slower rate. 

(5) Aeration by diffused air ap- 
peared to be a promising procedure 
and even at ordinary temperatures usu- 
ally produced some odor removal. 


TABLE 3.—Analyses of Wastes (Catch 
Samples) from a Typical Plant 
Practicing Lagooning 











| . Lagoon 
otiluent. | Béluent 
Determination | to Lagoon Approxi- 
| After mately 
| Neutral- | ¢ Days’ 
ization | Detention 
Odor pO Value... .. 7 13 12 
Odor Threshold. . . ..| 8,200 4,100 
COME 5... as 25 35 
Turbidity...... 115 75 
eke oisleigs ates ee ae 5.8 5.3 
Oxygen Consumed (p.p.m.)| 760 611 
5-Day B.O.D. (p.p.m.)....} 2,440 2,383 





* Determined on the supernatant. 
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When the solution temperature was 
raised during aeration even so mod- 
erately as to 50° C. it was a very 
effective method of treatment. This 
temperature raising requirement, how- 
ever, would be impractical in a water 
filtration plant. 

It is evident from the results of the 
preceding experiments that a logical 
solution of the problem should begin 
with waste treatment before release in- 
to streams. 


Methods of Treating Wastes 


Various methods of rendering the 
wastes less noxious were studied. In 
these studies only the clear wastes with 
the oily material removed were used. 
It has been presumed that the heavy, 
oily material forming a portion of the 
butadiene waste would be skimmed off 
at the source--as a matter of course— 
and burned or otherwise disposed of. 


Aeration 

A simple treatment applicable di- 
rectly to the waste is aeration at raised 
temperatures, which in these experi- 
ments were fixed arbitrarily at 50° C. 
Aeration at this temperature reduced 
odor concentrations from 2,000—4,000 to 
200. Aeration at higher temperatures, 
even at boiling temperatures, might 
be used and would probably aid in odor 
removal. This procedure would tend 
to coalesce oily materials and facilitate 
their removal by skimming. Dilutions 
of wastes treated in this way were 
found to be more amenable to the pro- 
duction of a palatable water by ordi- 
nary filtration plant techniques. 

Aeration might also be accomplished 
by spraying. In our studies we were 
able to attain pressures only up to 10 
p.s.i. At higher pressures and with re- 
circulation, more favorable results 
might be obtained, as shown by the 
work at Nitro (2). Our data (Table 
\) indicate that spray aeration under 
the conditions of these experiments was 
less effective than diffused air aeration, 
and that both aeration methods were 
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TABLE 5.—Effect of Spray Aeration on 
Butadiene and Styrene Wastes and 
Dilutions of Those Materials 


| Odor Concentration 





Pee ee | Temper- | 
citaterial and | stare of |———_—__— 
Used chant | After After 
(%) ec.) | Initial | Bubble Spray 
| | Aeration | Aeration 
Butadiene | | 
Waste: 
100 | 24 1200 100 250 
4* 25.5 64 | - 16 
4* | 50 64 | — 16 
; | 50 | 16] — 8 
oe | £)] ££) 
¢ (Ss | Spo 7, Ss 
1 50 2 | None 2 
I 24 4 st 4 
] 50 8 a5 4 
I* | 50 16 —- | § 
[ | 24 16 - | 8 
05 | 24 | 8}; — | 4 
Styrene 
Waste: 
100 24 600 500 | 600 
{ 24 64 | 4) 16 
1 | 24 16 — | 4 
05 | 50 8; — | 2 


* Duplicates except for temperature — of 
treatment. 


less useful with styrene wastes than 
with butadiene wastes. 


Chlorination 


Chlorination might also be used to 
pretreat these wastes. Experiments on 
the chlorination of butadiene waste 
have shown the effluents from such 
treatment to be colorless and greatly 
clarified, and concentrations much 
higher than are possible with the origi- 
nal waste can be successfully treated 
by ordinary water plant procedures. 
Beeause the 24-hour chlorine demand 
varies from approximately 260 p.p.m. 
on the filtered waste to 450 p.p.m. with 
raw waste, considerable quantities of 
chlorine would be necessary. 


Sulfur Compounds 


The treatment of styrene and buta- 
diene wastes with sulfur compounds 
was investigated. Contact with sulfites 


Hngineering Library 
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or sulfides causes odor reduction in 
the wastes. Such treatment is particu- 
larly useful with styrene waste, and if 
the reaction time is sufficiently pro- 
longed, an almost odorless waste re- 
sults. The reaction with either waste 
is slow and would require about eight 
days for maximum odor reduction with 
styrene waste and twice that time with 
butadiene waste. It is obvious that 
this type of treatment, unless the reac- 
tion rate could be accelerated, would be 
useful only in those places where 
lagooning is practiced. 

The effects of treatment with 100, 
250 and 500 p.p.m. of sodium sulfite 
and sodium sulfide are shown in Table 
6. From the data thus presented it is 
evident that odor reduction does occur, 
although this treatment was more ef- 
fective with styrene than with buta- 
diene wastes. With the former, odor 
reductions from 1,000 to 4 resulted 
in eight days, and with the latter reduc- 
tions were from 4,100 to 250 in seven- 
teen days. 


TABLE 6. 





SEWAGE WORKS JOURNAL 





November, 1946 


Activated Sludge 


Previously mentioned procedures for 
treating rubber wastes are valuable 
mainly for odor removal. A more com- 
plete and desirable treatment would 
also reduce the biochemical oxygen de- 
mand. In any complete treatment of 
the wastes, therefore, a method or meth- 
ods should be devised to account for 
a reduction of organic content and a 
reduction of taste and odor, two effects 
which do not necessarily oceur simul- 
taneously at the same rate. 

Preliminary experiments on _ the 
treatment of the wastes by the conven- 
tional activated sludge process, as 
shown in Tables 7 and 8, indicated 
that a 90 per cent B.O.D. reduction 
could be obtained only under the fol- 
lowing conditions: 


(1) That the aeration period be in- 
creased to about 24 hours. 

(2) That no more than 25 per cent 
of butadiene and/or styrene waste be 
fed with a normal domestic sewage. 


Odor Concentrations Obtained in the Time Indicated after Treating 
Butadiene and Styrene Wastes with Na,SO; and Na, 








| Treated with Na2SO; 


Treated with Na2S 





Days ; 
Treated ~ 7; a pane — 
100 p.p.m. 250 p.p.m. 500 p.p.m. 100 p.p.m. | 250p.p.m. | 500 p.p.m 
Butadiene Waste—Original Odor 4,100 
1 4,100 4,100 4,100 4,100 4,100 4,100 
3 4,100 4,100 4,100 8,200 8,200 8,200 
4 4,100 4,100 4,100 4,100 8,200 8,200 
5 4,100 1,100 4,100 4,100 4,100 | 4,100 
6 4,100 4,100 1,100 4,100 | 4,100 | 4,100 
7 \ 4,100 4,100 4,100 4,100 | 4,100 | 4,100 
10 1,000 2,000 2,000 4,100 | 4,100 4,100 
13 500 1,000 1,000 2,000 2,000 2,000 
17 250 250 250 500 500 | 500 
Styrene Waste—Original Odor 1,000 

l 128 64 64 64 6 128 
2 64 32 32 32 32 64 
3 | 32 32. 32 a 32 32 
5 | 16 16 16 8 16 32 
16 16 16 8 8 16 
a 8 16 16 8 | 8 8 
8 4 16 8 > is 4 8 
9 4 8 8 4 { 4 
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TABLE 7.—Effect of Feeding Butadiene and Styrene Wastes to Activated Sludge 



















































































Initial 4-Hour Effluent | 24-Hour Effluent 

Concentration of Waste (%) Feed Sus- Caleu- Reduc- Reduc- 
pH pended lated B.O.D. tion B.O.D. tion 
Solids B.O.D. | (p.p.m.) (%) (p.p.m.) (%) 

(p.p.m.) | (p.p.m.) 
- Control 7.7 | 2,364 | 320.0 | 272] 92 | 107 | 96 
(Neutralized Waste) Butadiene 7.7 | 2,196 | 371.1 40.3 91 13.6 96 
Styrene 7.7 | 2,244 | 310.0 47.4 85 12.2 96 
60 | Contzol 75 | 2,176 | 1672 | 508| 70 | 129 | 92 
(Neutralized Waste) Butadiene 7.7 | 2,276 | 269.7 53.1 81 12.4 95 
Styrene 7.4 | 2,176 | 161.3 | 69.1 57 9.5 94 
12.0 Control yea 1,828 | 185.3 59.2 68 13.1 93 
(Neutralized Waste) Butadiene tt 2,128 | 405.3 131.4 67 20 95 
| Styrene 7.1 1,940 | 168.4 95.6 43 8.8 95 
as se. cal 

24.0 | Control (fel! 1,712 | 167.4 53.5 68 17.8 89 
(Neutralized Waste) | Butadiene y i 2,080 | 674.7 | 412.5 39 53.8 92 
| Styrene 7.3 1,668 187.1 146.8 22 15.6 92 
0.0 | Control exp. 7.7 | 1,720 | 301.7 | 108.1 64 6.7 98 
Samples Fed with Fresh | Butadiene exp.| 8.5 | 2,384 | 307.6 72.8 | 7 | 9.5 97 
Filtered Sewage Only) | Styrene exp. | Ei 1,672 | 301.2 91.9 70 | 6.3 98 
0.0 |Controlexp. | 7.5 | 1,696 | 151.7 | 69.5 | 54 | 11.8 | 92 
Samples Fed with Fresh | Butadiene exp. | 8.4 | 2,416 | 152.6 78.4 | 49 | 67 96 
Filtered Sewage Only) | Styrene exp. | 7.5 | 1,748 | 151.5 93.8 | 38 | 1.5 95 
3.0 Control 7.3 | 1,644 | 189.38-} 45.0 76 | 15.5 92 
Unneutralized Waste) | Butadiene 6.6 | 2,820 | 259.2 26:7 90 5.7 98 
Styrene 7.1 1,716 | 1965.1 44.6 iC | 11.2 94 
6.0 Control | 6.9 | 1,492 ¢L.2 27.9 61 25.3 65 
Unneutralized Waste) | Butadiene 4.7 | 2,244 | 220.6 29.7 86 11:2 95 
Styrene 6.7 1,576 | 93.8 35.0 | 37 16.2 83 














(3) That the sludge solids be main- 
tained in the aeration mixture pref- 
erably above 2,000 p.p.m. 

These experiments showed definitely 
that the treatment of higher ratios of 
these wastes with sewage in activated 
sludge would fail simply because of a 
lack of sufficient nitrogen and phos- 
phorus and other necessary mineral 
constituents in the wastes rather than 
because of any directly adverse effect 
on the sludge. 


Biological Treatment of Com- 
posite Waste 


These studies led to the belief that if 
the stronger wastes could be segre- 
gated and composited, a smaller and 


better balanced waste with respect to 
minerals would be obtained, which 
could be more easily and conveniently 
treated. When this composite waste 
was introduced into an _ activated 
sludge system the results shown in 
Table 9 were obtained. 

The system operates at higher than 
normal pH values, with a_ possible 
maximum of 9.0. This is true in every 
ease in which butadiene is introduced 
into a biological system and this maxi- 
mum rise in pH occurs some time pre- 
vious to the fifth hour. No indication 
that these higher pH values were harm- 
ful nor that they might not be con- 
tinued indefinitely was detectable. The 
effluent from this treatment was turbid 
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TABLE 8.—Data on Activated Sludge Development Using Butadiene Waste 





a sta ee a ai ] = 


. : | Max. and Mi eencnabd Baliae (a 
Biochemical Oxygen | Max. and Min. [Suspended Solids in 





- ites pH (Mean Values) Demand—Mean Values oo a — 
Treatment pte | | 
= Jper 
Received . - - | —--— —_—_—_- — 
ation | | ] 
og s mt Initial 24-Hr. | PerCent! Maxi- | Mini- Initial | 24-Hr. 
Initial 24-Hr. (p.p.m.) | (p.p.m.) {Removed} mum | mum _ | (p.p.m.) | (; es 
ee — —— = = a —EEEe | oi sinbani =e 
Exp.1-A| 9 | 86 9.1 | 2,472 | 1,607 | 35 | 43.4 | 248 | 571 | 684 
Exp. 1-B | ft 8.6 9.2 2,672 1,428 46.6 63.8 ; 21.0 | 712 | 924 
Exp. 1-C 21 7.4 9.0 1,902 804 57.8 92.1 | 21.8 1,966 | 3,018 
Exp. 2-D 9 9.3 9.5 917 401 56.3 79.3 | 17.9 600 | 515 
Exp. 2-E } 19 8.7 9.3 197 347 30.2 86.6 7.4 2,348 | 2.391 
Exp. 1-A: No additional materials were added to the substrate. 


. 1-A: 
Exp. 1-B: 50 p.p.m. (NH,4)2SO, were added with each feeding. 
Exp. 1-C: 50 p.p.m. (NH4)2SO;; 148 p.p.m. CaChk; 133 p.p.m. MgSO,-7H20; 0.45 p.p.m 
FeCl;-6H,O; and 5 ml. phosphate buffer were added with each feeding. 
Exp. 2-D: 100 p.p.m. peptone were added with each feeding. 
Exp. 2-E: CaCh, MgSO,, FeCl; and buffer were added as above. 





at first but clarified after several days. 
The B.O.D. removal amounted to about 
80 per cent in 5 hours and 95 per cent 
in 24 hours. A slight but not excessive 
tendency toward increased sludge pro- 
duction was noticeable. 

The possibility of treating composite 
waste by means of a trickling filter was 
also investigated on a laboratory scale. 
These data are shown in Table 10. The 
experimental trickling filter used was 
developed by feeding with settled sew- 
age. On this feed, the average filter 
efficiency was 78.5 per cent over an 
8-day period. A mixture of equal parts 


| Initial 














TABLE 9.—Treatment of Composite Waste by Activated Sludge 


of sewage and waste and also straight 
undiluted waste was fed to the filter 
for a period of 72 hours for the former 
and 31 hours for the latter. The length 
of these filter runs was determined by 
the amount of waste available. Rate 
of application to the filter varied from 
0.59 to 2.56 m.g. per acre per day. The 
average percentage of B.O.D. removal 
for the sewage waste dilution was 90 
per cent and for the undiluted waste 
was 86 per cent. The odor, based on 
the results of samples run at the 24 
hour interval, was reduced from 750 
to 16. 


Day B.O.D Per Cent B.O.D 











| 
| Suspende (p.p.m.) | Removed 
pH ‘Solids ' 30 Minutes 
Date | p.p-m.) Settleable 
Solids (:l. 
0 Hours 0 Hours snihanead Initial | 5 Hours 24 Hours | 5 Hours 24 Hours 
& W ( W c W c Wo Co] Ww & W Cc) wt ec W 
8/16 6.8 | 6.0 | 4,642 | 4,402 | 215 | 365 | 413 | 403 | 30 | 270 | 841} 50 | 92.7 | 33.1 | 98.0 | 87.6 
17 6.9 7.5 | 2,648 | 120 | 250 | 200 | 420 | 40 | 45] 81) 8 | 80. 89.3 | 95.9 | 98.1 
18 9A 1 Ys 2,503! 105 | 200 | 156 | 473 | 36 | 126 | 10.9 | 23 73.4 | 93.0 | 95.2 
19 6.9 | 7. 393 | 3: 108 | 4.1 | 28 36. 2.5 | 98.3 | 92.9 
2 BS | 7. 36 | 59 | 52] 69/25 | 81. 8 | 97.8 | 95.2 
22 ES lef | 49 | 5.1 | 13.5 | 83.8 | 87.5 | 96.6 | 96.6 
23 7.6.4 73 |} 51 | 6.7) 19 | 89.6 | 89.3 | 98.2 | 95.9 
Sr eA eee | 44 | 15.3 | 16.6 | 82.3 | 88.2 | 91.3 | 95.9 
5 | wa | ¥. | 88 | 14.1 | 25 | 87.8 | 75.9 | 93.6 | 93.2 
26 | 7.5 “f 57 | 10.3 | 8.1 | 79.8 | 86.5 | 97.3 | 98.1 
28 | 7.3 | 7. 125 | 11.9 | 17.1 | 82.7 | 66.8 | 97.1 | 95.5 
— - — | —- ———t — — | 7 —— 
Average | 7.1 | 7. 92 | 9.3 | 21.2 | 84.4 | 77.4 | 96.1 | 94.9 
| | 1 








C—Control fed with sewage only. 











W—Waste (composite). 
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Total | Total |Equivalent 
Feed Applied | Time | Amount 1.A.D. 
to Filter Fed, Applied During 
(hours) (liters) Interval 
50°, Compos- | 0 0 0 
ite Waste 16.5 14.0 | 1.49 
and 50% 20.0 16.0 | 1.01 
Sewage 23.0 18.0 | 1.16 
395 | 420° | 2:56 
42.5 43.0 | 0.59 
15.5 44.0 | 0.59 
68.0 5810 |. 1.10 
72.0 60.0 0.88 
Fresh Sewage 24 1.0 
Only 18 1.0 
rey 1.0 
100°, Neutra- Z 
lized Com- D | 
posite 7 4.0 1.01 
Waste 24 i5s0 | Of] 
31 18.0 0.99 


Influent | Effluent Influent Effluent 


TABLE 10.—Treatment of Composite Waste by the Use of an Experimental Trickling Filter 


H | 5-Day B.O.D. 
Pp } (p.p.m.) Per Cent 
B.0.D. 


) Removed 


= 340 
6.9 78 | 3405 | 253) | 926 
6.9 7.7 | 404 18.2 | 95.5 
6.9 7.8 398 39.6 | 90.1 
6.7 7.9 359 35.2 | 90.2 
6.9 78 252 28.8 | 88.6 
69 | 7.7 136 46.2 | 89.4 
6.9 7.70 0~=— |: «195 32.5 83.3 

Vr 230 19.3 | 91.6 
7.4 7.5 292 205.5 | 29.6 
rey 7.5 189 26.9 | 85.8 
77 7.6 263* 34.5 86.9 
73 | RO 328 72 78.0 
72 7.9 392 35 91.1 
7.3 84 | 385 712 78.9 
7.4 8.3 445 35 | 92.1 
7.4 8.4 484 43.8 | 91.0 


* 4-Day B.O.D. 


The previous experiments had indi- 
eated a very real possibility for treat- 
ing composite waste by biological proc- 
esses. In these experiments, however, 
the starting points were healthy cul- 
tures (activated sludge or trickling 
filter) which had been altered by re- 
peated feedings of waste. In the vicin- 
ity of rubber plants these might not 
be available; hence it was necessary to 
determine whether an active sludge 
can be produced from the waste alone, 
and if so, whether it will alter the 
waste in such a manner as to reduce 
both the odor and the biochemical oxy- 
ven demand. T'o determine the feasibil- 
ity of this procedure, a series of aera- 
tion experiments was carried out. 
These experiments were designated as 
Series 5, A, B, C and D, and are de- 
scribed below: 


Series 5: These tests were made to 
study the effect of aeration on neutral- 
ized composite waste operated on a 24- 
hour feeding cycle and seeded initially 
With raw sewage. 

Series A: These tests were similar to 


Series 5 but were operated on a 48- 
hour feeding cycle. 

Series B: The effect of aeration on an 
unneutralized composite waste seeded 
initially with raw sewage and operated 
on a 48-hour cycle was evaluated in this 
series. 

Series C: This series shows the effect 
of aeration on a neutralized, unseeded 
composite waste. 

Series D: In this series of tests the 
waste was aerated without neutraliza- 
tion or seeding. 


30th Series C and Series D were fed 
every 24 hours. Unneutralized wastes 
have a pH of approximately 3.7. This 
was increased to 6.2 in the neutralized 
wastes. Seeding was accomplished ini- 
tially by adding an equal part of fil- 
tered raw sewage to the original aera- 
tion mixture. Subsequent feeding was 
accomplished in all series of tests by 
replacing 50 per cent of the volume 
of the aeration mixture after a 1-hour 
settling period with composite waste, 
at the appropriate time interval. 

The aeration experiments were then ° 
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TABLE 11.—Development of Active Sludges for Treatment of Composite Waste 
(Room Temperature Experiments) 



















































































| Neutralized Unneutralized 
Initial Seeding 
Condition | - = 
| Seeded Initially | Unseeded Seeded Initially | Unseeded 
| 
ee | | ae ; 
. a7 iTwice| , : ‘ Twice lnwicel 24 
Feeding Cycle [Daily| 24 Hours | 48 Hours 24 Hours Daily 48 Hours IDails |Hours 
~ ——|——|——_|— —_—_|—|- 
Additional Seed (Raw Sewage »)| roy | __ lo 507 roy | oy, oA y | 
‘Added With Feed Kee | None | 9 eg? | None | 95% | None ose | Soe | None | yy | None | None 
os ail 5] 5/ala|lc|cl|s (cf 3e Sr ars 
No. of Days Operated........ | 9 20 21 13 13 16 22 10 i} 44 | 10 27 
Ave. Suspended Solids (p.p.m.) | 820 550 | 830 — | 946 — |331 | 763 — | 640 |479 | 359 
ee 8.5) 8.6 | 8.5] 8.7] 86] 85] 85] 62] 7.3] 7.1] 64] 60 
hod ob at ails, a | eed see og 2 25| 2 19} 3 12| 34] 34 
Ave. effluent turbidity. seen MO! GMOL. | ay 5 12 83 | — | 15 | 32 is | — | 108 
Ave. 5-day B.O | | | 
Sa ae | 487 fo /609 |523 |691 | 518 | 609 483 | 451 | 413 |485 | 423 
OE DRS eee 199 |158 |126 | 37.8! 51 |128 | 166 18 28 61 | 113 
Per Cent Removed... . . ::| 59.1] 68.3 | 79.4} 92.8] 92.6 | 753) 72.8) 894) 95.9/ 93.3) 874) 733 





* R.S. denotes Raw Sewage. 


continued with Series 5, A, B and C, moval and its effectiveness depends on 
receiving additionally 0.5 per cent the quantity of the predominant organ- 
raw sewage with each feeding. Series isms developed, which in turn depend 
D was not seeded in this or subsequent on pH and seeding. 
experiments. After a reasonable in- (3) The length of the feeding cycle 
terval with this treatment, the effect influences the results obtained. In gen- 
of twice daily feedings was tried. Ser- eral, longer cycles give better effluents 
ies A, B and D were selected for this with respect to B.O.D. removal. It also 
and aeration periods of 5 and 17 _ appears to be better to treat unneutral- 
hours resulted. All of the preceding ized wastes. 
data were obtained at room tempera- (4) Aeration at low temperatures 
ture and are shown in Table 11. drastically reduces the B.O.D. removal. 
To determine the effect of tempera- Odor removal was affected for the dura- 
ture, the five bottles were held at tem- tion of the experiment to a lesser de- 
peratures ranging from 2 to 12° C. gree. At these low temperatures the 
and aerated. The results are summar-_ effects obtained may be due to aeration 
ized in Table 12. The aeration condi- alone. Since the butadiene wastes are 
tions studied are varied enough to give very hot and constitute about 20 per 
a reasonable basis for predicting the cent of the volume of the combined 
effect of this type of treatment. waste, reasonable temperatures for 
The data obtained showed the possi- treatment by aeration should be ob- 
bilities of treatment of composite waste _tainable throughout the year. 
by aeration and continuous feeding, (5) Higher temperatures with aera- 
and led to the following conclusions: tion would favor odor removal, but 
(1) Aeration with continuous feed- a shove 40 to 45" ga 
. : : RE limit the growth of organisms and re- 
ing, irrespective of neutralization and 
: : duce B.O.D. removal. 
seeding, will act to reduce odor and hay ae 
(6) Further work on aerobic bio- 
B.0.D. bates ee 
. ; . ogical treatment can best be carried 
(2) Prolonged aeration will build out on a pilot plant scale 
up a floc of biological material, strictly ; 
limited in variety, under all conditions 
tried. This ‘‘activated sludge”’ is prob- A condensation of more comprehen- 
ably mainly responsible for B.O.D. re- sive unpublished reports on the char- 


Summary 
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TABLE 12.—Development of Active Sludges for Treatment of Composite Waste 
(Experiments at 2 to 12° C.) 





























Neutralized Unneutralized 
Initial Seeding 
Conditions 
Seeded Initially Unseeded Seeded Initially 

Randle (Cy Ole.5....< sso osta niu siouiseeeet 24 hours 24 hours | 24 hours 
Additional Seed (Raw Sewage) added With 

SGN Sy side 85. 8-1 Seyaie wesles Soave ASeie. Stor See 0.5% raw sewage || None 0.5% raw sewage 
Ee, a a a fy A rhe ne 15 A. © D 
Noor DayeOperateds. a tig Fosse. ed 8* 8 8 
Average Suspended Solids (p.p.m.)....... 287.5 251.0 191.5 
AV ETAROID EG esc aut cins 6 sora. saueats FAO 4 4.5 4.4 
Average Temperature °C................ 5.0 5.0 5.0 
Average pO of Effluent................:. 2.4 4.0 3.0 
Average 5-Day B.O.D. 

CN LiL (010) PR Aaa eee satel 467.5 436.8 436.8 

OUD eet ae ae an 349.1 204.4 220.5 

Per Cent Removed... . 25.3 53.2 | 49.5 





* 3 similar samples operated for 8 days and averaged. 


acteristics and treatment of wastes 
from the synthetic rubber industry is 
presented. In general, only typical 
data and significant conclusions are 
given, lengthy discussions of procedure 
having been deleted. The following 
facts concerning these wastes are dem- 
onstrated : 


(1) These wastes are objectionable 
because of B.O.D. contribution and 
odor imparting qualities. A typical 
unit comprising butadiene and styrene 
manufacture and copolymer plants 
would discharge 120 m.g.d. of waste 
having an odor concentration of 460 
and containing 80,600 lb. of 5-day 
B.O.D. equal to a population equiva- 
lent of 474,000. 

(2) An outstanding characteristic of 
these odors is their resistance to na- 
tural purification under the most fa- 
vorable conditions for their biochemical 
removal. Laboratory studies demon- 
strated that little removal occurred in 
ten days using dilutions of these wastes. 
This implies that reduction in odor in 
a stream for a considerable period will 
be proportional mainly to dilution, and, 
as actually did occur in the Ohio, will 
create a very difficult water processing 
problem. 

(3) Using the various treatment pro- 


cedures available to water purification 
plants on dilutions of these wastes, the 
following results with respect to taste 
and odor removal were indicated. 
Coagulation was of little value. Ozone 
treatment accomplished little and in 
the case of styrene waste altered the 
odor to make it more objectionable. 
Activated carbon completely removed 
the odor, if sufficient activated carbon 
was used. This may require the use of 
100 p.p.m. or more. Breakpoint chlori- 
nation is effective if the impractical 
condition of maintaining the treatment 
directly at the breakpoint can be ac- 
complished. Above certain limits (0.50 
to 0.90 per cent for styrene waste and 
3 per cent for butadiene waste) the 
above treatment was valueless. Its 
effectiveness also decreased with chlor- 
ine contact time. 

(4) Procedures for treating the 
wastes directly before disposal into 
streams were investigated. The follow- 
ing procedures are valuable mainly for 
odor removal: (a) Aeration at raised 
temperatures, 50° C. or more, will re- 
duce odors. (b) With undiluted buta- 
diene wastes at these temperatures and 
using bubble aeration, odors of 2,000 
to 4,000, depending on the waste, can 
be reduced to about 200. With un- 
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diluted styrene waste, little reduction 
in odor oceurs. (c) Spray aeration up 
to 10 p.s.i. pressure was less useful but 
might be more effective with higher 
pressures and recirculation. (d) Chlor- 
ination tended to produce effiuents 
more easily treated for palatable water 
production but would consume large 
quantities of chlorine, as the chlorine 
demand of butadiene wastes is 260 to 
450 p.p.m. (e) Treatment with Na, 
SO. or Na,S was very effective with 
undiluted styrene waste (less so with 
butadiene waste) but required at least 
a 5- to 8-day detention period. With 
styrene waste odor reduction in eight 
days was from 1,000 to 4; in the same 
period no reduction occurred with 
butadiene waste, but in seventeen days 
the reduction was from 4,100 to 250. 
(5) Investigations were made to de- 
termine methods of reducing the 
B.O.D. simultaneously with odor re- 
moval. The data show that these 
wastes are not necessarily toxic to a 
biological system, such as activated 
sludge, but that separate treatment will 
fail because of lack of nitrogen and 
phosphorus and possibly other min- 
eral constituents. Treating wastes sep- 
arately by means of activated sludge to 
obtain a 90 per cent B.O.D. removal 
ean only be accomplished by increasing 
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the aeration time to about 24 hours. 
maintaining sludge solids above 2.000 
p.p.m. and feeding no more than 95 
per cent butadiene and/or 
waste with good domestic sewage 

(6) The investigations also showed 
that compositing the stronger wastes 
produced a waste better balanced with 
respect to minerals which would. when 
introduced into an activated 
system, give an 80 per cent B.O.D. re- 
moval in 5 hours, and 95 per cent re- 
moval in 24 hours. 
waste when used in an experimental 
trickling filter at rates varying from 
0.59 to 2.56 m.g.a.d. had a mean B.O.D. 
removal rate of 86 per cent for undi 
luted waste and 90 per 
mixed with an equal volume of sewage. 

(7) Finally, data are presented to 
demonstrate that a biological floc can 
be induced in this composite waste by 
aeration, using minimum amounts or 
no sewage for seeding. The variety of 
organisms is limited but, contingent on 
conditions of neutralization, 
and aeration time, will reduce the 
B.O.D. 60 to 95 per cent and produce 
effluents having odors of the order of 
4 to 8. Low temperatures (2° to 12° 
C.) affect the B.O.D. removal drasti- 
cally, but since butadiene wastes are 
very hot this should be controllable. 


Styrene 


sludge 


This composite 


cent when 


seeding 
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WHAT EVERY CITIZEN SHOULD SEE 


‘‘Clean Waters,’’ the new anti- 
stream pollution moving picture as- 
sembled by the General Electric Co., 
has enjoyed an eminently favorable re- 
ception in its showings at recent sew- 
age works meetings. It is hoped that 
the potentialities of this film as a pub- 
lie relations instrument are fully ap- 
preciated and that all sewage works 
administrators will act to bring it to 
the attention of the persons at whom 
it is aimed—Mr. and Mrs. Average 
Citizen of Everytown, U.S. A. 

Embellished with sound and color 
photography, this fine picture is suit- 
able for presentation at any public 
gathering. It is entirely free of com- 
mercial aspects or advertising ‘‘plugs’’ 
that might prove embarrassing to any 
sponsor. No attempt is made to build 
the theme of the picture about any 
fictional plot; it is mainly a factual 
and vivid portrayal of the growth of 
the pollution problem and the conse- 
quences of its existence, with a clever 
visual explanation of modern sewage 
treatment processes in the form of ani- 
mated diagrams. The scenic views 
throughout the film are notable in 
themselves and will leave an impression 
on any audience. 

‘‘Clean Waters’’ is not a technical 
picture in any sense. It will find its 


best application in showings before 
local service clubs, women’s clubs, 
sportsmen’s groups, municipal leagues, 
parent-teacher meetings, high school 
and college classes, chambers of com- 
merce and similar bodies. The picture 
will show and prove the need for ade- 
quate sewage treatment facilities in 
municipalities not now served by them 
and will engender public interest and 
pride in cities and towns which have 
already solved their sewage disposal 
problems. The picture can be shown 
advantageously several times in even 
the smallest communities. 

Copies of the film are being made 
available through most of the local 
power utility offices and, in some cases, 
through the sanitary engineering divi- 
sions of the various state health de- 
partments. If these sources fail, a 
request addressed to Federation head- 
quarters will be forwarded to the 
proper company officials. 

No sewage works superintendent 
should fail to take advantage of this 
opportunity to present his profession 
to the public in a manner which will 
reflect great credit to the service he 
renders. Take the lead in seeing that 
‘Clean Waters’’ receives a complete 
presentation in your town! 

W. iH. W. 





INGENUITY—TOOL OF THE OPERATOR * 
By R. W. Srmpson 


Sanitary Engineer; Gilbert Associates, Inc.; Reading, Pa. 


The Federation of Sewage Works 
Associations and its component re- 
* Presented at the Spring Meeting of the 


New York State Sewage Works Assn.; Utica, 
N. Y.; May 24-25, 1946. 


gional organizations are encouraging 
the exercise of ingenuity by sewage 
works operators. Gadget contest par- 
ticipation attest to the interest shown 
by the operators themselves. The win- 
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ning of such a contest is, of course, a 
pleasant experience but the personal 
satisfaction derived from overcoming a 
difficult plant problem is even more 
oratifying. 

livery sewage treatment plant has 
many gadgets, or refinements in equip- 
ment, which make possible better plant 
operation. Without the ingenuity of 
the operators, efficient operation of 
many sewage plants would be impos- 
sible. The literature contains many 
articles describing how this problem or 
that one was solved by a clever operat- 
ing kink or device that was invented 
to fulfill a special purpose. 

Remember, plants do not always run 
as planned on paper when placed in 
operation. With the many variations 
in flow, sewage strength and other char- 
acteristics, flexibility of plant operation 
is necessary. In some instances, equip- 
ment that would give excellent results 
under design conditions must be altered 
to meet unexpected operating condi- 
tions. It usually falls upon the op- 
erator to make these alterations—under 
the extra handicap of a limited operat- 
ing budget. 

It is the purpose of this paper to 
discuss the changes made at certain 
Army sewage treatment plants, as ex- 
amples of what can be done to improve 
operation. Although some of these 
innovations are specific for the par- 
ticular plant, many can be used to ad- 
vantage in other plants. 


Removing Sand at Lift Stations 


One problem faced by operators, 
where lift stations are installed in the 
sewage collection system, is the accu- 
mulation of large quantities of sand 
in wet wells. The quantities of grit at 
the Keesler Field plant became so great 
that at times the suction lines to the 
pumps were completely clogged. This 
condition required the expenditure of 
a great deal of time and manual labor 
in removing the sand. The work had 
to be done at night, while flows were 
low. 
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In order to overcome this problem, 
a 2-in. water line reduced to 1-in. was 
installed in the wet well; the reduced 
pipe size produced a nozzle effect with 
the jet of water stirring up the sand. 
The accumulated sand is flushed out 
weekly, settling out for removal at the 
erit chamber. 

To avoid a cross connection, the 
flushing line is connected to the water 
supply by means of a double union. 
The nipple between unions is removed 
when not in use, with the physical con- 
nection being made only during actual 
flushing. . The work can now be per- 
formed by the operator on his regular 
trip to the lift station, resulting in 
considerable saving of manpower. No 
manual cleaning has been necessary 
since the installation was made. 

Other means of removing sand from 
wet wells can be used, in addition to 
flushing and manual removal. At an- 
other post, where the lift station was 
located in an area some distance from 
a populated district, the sand is hosed 
into a sump box and removed by a 
water jet pump. This method is less 
desirable than flushing because of the 
organic matter that is usually mixed 
with the grit as removed. 


Flushing Grit Lines 


‘At this plant, sand and grit are re- 
moved in a _ double-channeled grit 
chamber, manually cleaned. The grit 
chamber is unique in that it is built 
about 24 ft. above the ground, at the 
discharge end of the pressure line from 
the main lift station, the elevation 
allowing gravity flow throughout the 
remainder of the plant. 

Grit is washed down to a drying 
bed adjacent to the channel through a 
6-in. cast iron pipe. Sand settling in 
the 90-deg. ell at the base of the grit 
chamber tends to plug the line. 

The 90-deg. ell was removed and a 
tee installed, with a flushing connection 
caulked in the blank end of the tee. 
By connecting to a pressure line and 
flushing each time the chamber is 
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cleaned, this problem has been over- 
come. Time and labor necessary for 
rodding the line have been saved. 


Proportioning Gates 

Operating results indicated that at 
the plant in question a combination of 
a single and two stage operation was 
advisable (1). In order to effect this, 
it was necessary to be able to control 
the flow of raw sewage and recircu- 
lated filter effluent to the primary 
tanks. The original design provided 
transite gates, which were held in place 
by slots in the concrete, allowing for 
open or closed adjustments only. 
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primary tanks. Figure 3 shows how 
such an installation can be made. A 
3/4-in. pipe with 1/32-in. holes on 
12-in. centers was fastened to the cat- 
walk. The water spray created a wave 
action at the surface of the clarifier, 
causing the grease to be washed toward 
the grease baffle, concentrating it for 
removal by the scum arm. 

At another installation employing 
circular clarifiers, the spray was in- 
stalled in a slightly different manner, 
reportedly giving excellent results. A 
45-deg. ell was installed in the end of 
the water line at the center of the 
tank and a second spray installed run- 





FIGURE 1.—Channel gate frame and gates for proportioning diverted flows. 


A metal frame was devised to fit in 
the slots and hold steel gates of differ- 
ent widths. By using the proper size 
gate, proportioning of the flow to the 
primary clarifiers was made possible. 
Figure 1 shows the frame and two dif- 
ferent size gates used. 


Grease and Scum Collectors 

The sewage at Army installations has 
a high grease content, in spite of pre- 
cautions to exclude and salvage it at 
the mess halls. Figure 2 shows the type 
of grease commonly found on clarifier 
surfaces. At several installations, water 
sprays were used to aid in conceutra- 
tion and removal of grease from the 


nine from the center of the tank to 
the circumference. The effect of this 
second spray line was to keep the scum 
washed up toward the seum trough at 
all times. 

The installation of scum conecentra- 
tion sprays is not applicable only to 
circular tanks. A water line, drilled 
as before, can be installed near the 
effluent end of rectangular tanks. 
Seum will then be washed toward the 
scum trough. Usually, however, the 
return flights on the sludge collecting 
mechanism are sufficiently efficient to 
eliminate the necessity for a water 
spray on rectangular clarifiers. 
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FIGURE 2.—Typical scum accumulation at primary tank of 
an Army sewage treatment plant. 


Oceasionally the scum accumulation 
at the primary clarifiers could not be 
removed by the scum arm. Manual 
skimming into the scum troughs was 
necessary. One of the primary clari- 
fiers was so constructed that the scum 
trough was under the catwalk, making 
this work hazardous to the operator. 
A trap door, hinged at the side, was 
cut into the catwalk, making access to 
the seum trough easier. This change 


not only facilitated the skimming op- 
but 
safety hazard. 


eration, also removed a_ plant 


Water Level Indicator 

The primary clarifiers, as well as the 
grit chambers, are well above the 
ground. It is not possible to observe 
the surface of the primary clarifiers 
without ascending a flight of steps to 
the catwalk. Since the flow to the 
sewage plant is dependent upon the 
operation of pumps at a lift station 
some distance away, the volume of 
sewage being handled changes rapidly. 
ach time a pump starts to operate, 
the flow increases, while recirculation 
of filter effluent to the primaries is at 








FIGURE 3.—Water spray used for concentration of primary tank scum. 
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FIGURE 4.—Faulty distribution by 
revolving distributor. 


a constant rate. When the raw sew- 
age flow inereases rapidly, there are 
times when the primary tanks become 
flooded, filling the scum well through 
the scum troughs. 

To notify the operator when the level 
in the primary clarifier is dangerously 
high, a float was installed in the over- 
flow channel. This gauge consists of 
a gallon jug as a float, a short piece 
of 8-in. transite pipe as stilling well. 
a short length of tape, a pully and 
strip of metal on a wooden gauge 
all material being available from sal- 
vage. The gauge indicates the level 
of sewage in the overflow troughs. Al- 
though this gauge is used for visual 
warning, a buzzer or switch could have 
been installed to give an audible warn- 
ing or to stop recirculation pumps. 


Relief Valve 


In the design of the treatment plant, 
the hydraulics of the line carrying the 
primary effluent to the filter were 
faulty. The line became air bound, 
causing the filter distributor arms to 
whip and run at uneven speed. Since 
a larger line was required, the solu- 
tion of this problem was rather diffi- 
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cult, without making major replace. 
ments. 

A piece of 6-in. transite pipe was 
inserted into the vertical line from the 
primary clarifiers as an air vent on 
relief valve. The submergence of the 
pipe was varied by trial and error 
until it was finally located in such a 
position that the air, binding of the 
line ceased. In this case, a simple 
device solved the problem and elimi- 
nated the necessity for costly altera- 
tions. 

Revolving Distributors 

Uniform distribution of sewage over 
the trickling filter medium is very im- 
portant in order to maintain a good 
active filter growth. The distributors, 
as originally installed at this plant, 
have rectangular orifices in the sides 
of the arms with narrow strips of 
metal fastened to the edge of the arm 
as the means for distribution. As a 
result of the uneven distribution, shown 
in Figure 4, rings of unequal filter 
growth developed. By experimentation, 
a splash plate made of light weight 
galvanized iron was developed (Figure 
5) to replace the narrow original strips 





FIGURE 5.—Scalloped splash plate de- 
signed to improve distribution on filter. 
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FIGURE 6.—Improved distribution by scalloped splash plate. 


above and below the orifices. The dis- 
tribution obtained with this improved 
splash plate, shown in operation in 
Figure 6, resulted in much more uni- 
form filter growth and increased plant 
efficiency. 

Observation of the filter media indi- 
eated that the stone around the center 
pier was receiving very little liquid 
from the first orifice in the distributor 
arm. Not only was some of the filter 
being wasted, but this damp area pro- 
vided an excellent place for filter fly 
development. 

A hole was drilled into the arm and a 
l-in. sleeve welded in place. <A short 
length of pipe, bent in the middle and 
flattened at the end, was installed in 
the sleeve, providing better distribution 
over this previously neglected area, as 
shown in Figure 7. 

Improvements of this nature cannot 
be made overnight; it takes patience 
and persistence on the operator’s part. 
In this instance, at least six different 
pipes were used until one was finally 
bent and flattened to give the desired 
results. 


Sludge Sampling 
What operator has not had to clean 
a sludge pump? It is, at best, a messy 
job. The designer of this particular 
plant never cleaned a sludge pump— 


that is evident. There was no waste 
line from the building nor a water 
service for cleaning up. <A waste line 
was layed, by the operators, to drain 
the pump house. A water line was 
then installed to facilitate clean-up 
functions. 

Sampling of raw sludge was also 
overlooked in design. A plugged drain 
on the discharge line of the pump was 
threaded so that a sampling line with’ 
quick-opening valve could be installed. 
Sampling was then possible, as well as 
convenient drainage of the pump for 
cleaning purposes. 

Since it was apparently not deemed 
necessary to sample raw sludge, neither 
was it thought essential to sample di- 
gested sludge or supernatant liquor. 
Supernatant withdrawal lines at sev- 
eral levels were provided, but no sam- 
pling connections. Since these lines 
were of 6-in. cast iron, it was possible 
to tap and thread them. Two-inch 
sampling lines, with quick-opening 
valves, were installed and carried to a 
deep sink, for convenient sampling of 
sludge or supernatant liquor. 


Sludge Recirculation 


The problem of digester scum can 
be overcome by keeping the scum soft 
and broken up. Returning sludge or 
water over the top of the scum is 
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FIGURE 7.—Supplementary orifice for dosing stone at base of revolving distributor. 


very beneficial for this type of control. 
This method of scum control] was prac- 
ticeed some years ago at the Buffalo, 
N. Y., sewage treatment plant, with 
very good results. 

At Keesler Field, a standpipe was 
installed, valved at the top, so that 
liquid could be pumped in at the top 
of any of the digesters for the purpose 
of seum control. Recirculation of 
sludge was required only a few times, 
as rapid digestion and dissipation of 
scum took place soon after the practice 
was started. 


Utilization of Liquid Sludge for 
Fertilizer 

Keesler Field, located on the Gulf 
Coast, is in a very sandy area. When 
the top soil was stripped away in pre- 
paring the airfield, growth of grass was 
very sparce. After two years of fruit- 
less effort, using commercial fertilizers, 
sludge came to the rescue. 

Dried sludge provided the humus 
necessary to hold moisture in the soil, 
as well as valuable mineral elements. 
Bermuda grass, which grows well in 
this section, thrived in each area 
treated. In an attempt to speed up the 
process of sludge treatment of the air- 
field, the use of wet sludge was in- 
augurated with very satisfactory re- 


sults. Tracks equipped with 1,000-gal. 
tanks, previously used for watering 
shell roads, were available. One of 
the trucks is shown being loaded in 
Figure 8. The fine orifice sprinklers 
installed beneath the rear of the tank 
were replaced with a header pipe and 
four 2-in. nipples with 45-deg. fittings 
attached for wide distribution. 

The problem of filling the trucks 
now became apparent. A tee was re- 
moved from the supernatant line at 
one of the digesters and replaced with 
a cross. A valve and 90-deg. ell were 
attached, as shown in Figures 8 and 
9. The trucks were then able to drive 
beneath this connection and fill up 
with wet sludge, drawn from any level 
of any one of the digesters. 

These trucks distributed the wet 
sludge over barren sandy areas. After 
drying, which took place rapidly, the 
sludge was disked into the soil. A 
good stand of Bermuda grass was ev! 
dent shortly after a single treatment. 


Sludge Bed Partitions 


In the design and construction of 
the Keesler Field plant, creosote 
treated planking was used to separate 
the sludge drying beds. Under the 
hot Mississippi sun, these partitions 
soon warped leaving large gaps be- 
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tween the planking. It was impossible 
to fill a drying bed without having 
sludge run through to the beds. on 
either side. Stripping of these cracks 
was resorted to in an effort to over- 
come this diffieulty. Two-inch strips 
of wood, 14-in. thick, were nailed over 
the cracks for this purpose. The solu- 
tion worked out very well. 


. 


Sewage Samplers 

It is readily admitted that sewage 
sampling is a problem. The results 
of sewage analysis are no better than 
the samples taken. Nearly every sew- 
age treatment plant has a special sam- 
pler which takes the guesswork out of 
sampling. 

Figure 10 shows two samplers de- 
veloped to give representative samples. 
The sewage sampler (right) is a gal- 
vanized iron can with a capacity of 1 
pint. A spout with a 1-in. opening is 
provided to allow sewage to enter the 
sampler and for ease of pouring when 
emptying. A small hole, 14 in. in 
diameter, is punched in the top as an 
air vent. Since the air vent is small, 
the sampler cannot fill rapidly, but 
the entrance hole is large enough to 
allow solids to enter. This sampling 
device ean be attached to any length 
pole, providing access to deep man- 
holes, channels, wet wells, ete. 
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The sludge sampling device shown 
in Figure 10 (left) is quite cumber- 
some to handle, but the samples ob- 
tained are very accurate. A long pole 
with a hinge in the center makes the 
sampler somewhat unwieldy. <A can 
made of a disearded shell case is held 
in place at the bottom by a spring 
clip. A metal cap covers the can and 
is held in place by a spring under 
compression. By pulling on a cable 
attached to the cover, the sampler is 
opened or closed at the desired depth. 
When the sampler is withdrawn from 
the sludge, the can is removed and the 
sample transferred to another 
tainer. 


con- 


Other Gadgets 

Many other gadgets were developed 
at Keesler Field to increase plant effi- 
ciency. To remove the guess work in 
digester heating, the hot water lines 
leading to the heating coils were tapped 
and well-type thermometers installed. 
Soiler operation could then be con- 
trolled. An Aqua-stat installed in the 
boiler and connected to the cireulation 
pump controlled circulation of hot 
water at a predetermined temperature. 

To overcome a safety hazard from 
fumes in the lift station dry wells, 
The fans 
in the building wall, 


vent fans were provided. 
were 


installed 





FIGURE 8.—Tank truck being loaded with liquid sludge to be applied as fertilizer. 
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FIGURE 9.—Arrangement for drawing 
liquid sludge to tank trucks. 


connected to a 90-deg. tin ell and an 
8-in. transite pipe. The pipe ran 
through the floor to the bottom of the 
dry well, allowing the fan to draw 
out the heavy noxious fumes accumu- 
lating there. 


Summary 


1. Many plants are bothered with 
sand accumulations in wet wells. 
Flushing lines can be installed to stir 
up the sand for pumping to the grit 
chamber. 

2. Lines carrying grit plug up very 
easily, especially at bends. Flushing 
connections may be provided and 
should be used regularly where this 
may occur. 

3. Where diversion of flow from open 
channels is desired, ordinary shear 
gates can be replaced with frames de- 
signed to accommodate gates of differ- 
ent widths, thus increasing or reduc- 
ing the capacity of the channel. 

4. If large amounts of scum are en- 
countered at primary clarifiers, water 
sprays can be installed advantageously 
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to assist with the collection and con- 
centration of the scum. 

5. In open channels or wet wells, 
level indicating gauges can be made 
to assist the operators. Visual or 
automatic gauges can be devised from 
scrap material around the plant. 

6. Surging or air binding in lines 
can be overcome by simply inserting an 
air line below the surface, adjusting 
the submergence until the binding 
stops. 

7. Distributor arms which do not 
give uniform distribution over the fil- 
ter medium may reduce plant effi- 
ciency. Better distribution may be ob- 
tained by installation of scallop type 
splash plates on the arms. 

8. Sludge sampling is necessary for 
plant operation. Sampling lines can 
be installed at cleanout plugs on sludge 
pumps. Cast iron lines can be drilled 
and threaded for installation of sam- 
pling lines. 

9. Scum accumulations in digesters 
ean be controlled by keeping the scum 
wet and broken up. Recirculation of 
sludge or supernatant over the scum 
ean sometimes be provided to do this. 





FIGURE 10.—Sludge and sewage sam- 
plers, left and right, respectively. 
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10. The use of wet sludge is some- 
times advantageous for stimulating the 
growth of grass on sandy soils. Water- 
ing trucks ean be used for this purpose. 

The plant gadgets discussed here are 
only a few of the many that have been 
developed by operators during the war. 
The ingenuity of plant operators in 
overcoming operating difficulties and 
improving plant efficiency should be 
fostered and encouraged by the engi- 
neer in charge. Without constructive 
thought and action among the men 
who actually do the work, the design- 
ing engineer and equipment manufac- 
turer would be handicapped in develop- 
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ing newer and better methods of 
sewage treatment. 
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SMALL PLANT OPERATION * 


By Hersert O. JOHNSON 


Superintendent, Belgrave Sewer District, Great Neck, N. Y. 


For the purposes of this paper a 
‘‘small plant’’ will be defined as a 
municipally owned and operated sew- 
age treatment plant with a designed 
capacity of up to 1.0 m.g.d. The plants 
encountered within this range will, of 
course, include all types known to the 
science today—from the neglected sep- 
tic tank to the well-operated secondary 
treatment plant. ‘‘Small plant opera- 
tion’’ is a general term for title pur- 
poses only and this paper will be 
confined to generalities and certain 
pertinent details peculiar to small 
plants and their operation. 


Sound Engineering a Prerequisite 

The first steps toward good opera- 
tion originate with the Engineer. Good 
judgment and design on his part can 
greatly simplify and reduce labor in- 
volved in routine operation. He should 
provide the operator with such items 
as (a) an ample number of water hose 
connections, strategically placed, (b) 





* Presented at the Spring Meeting of the 
New York State Sewage Works Assn., held at 
Utica, N. Y., on May 24-25, 1946. 


convenient sampling points for sewage, 
(c) amply sized sampling lines for 
sludge, (d) extra push buttons for re- 
mote control of equipment, (e) light 
manhole covers wherever possible, (f) 
railings around open tanks, (g) ade- 
quate lighting around structures, ete. 
He should also include in his specifica- 
tions a list of tools, wrenches, grease 
guns and other equipment needed to 
maintain and service properly all plant 
equipment and structures. 

All this is, of course, fundamental 
engineering and should not require 
elaboration. It is amazing to note on 
plant inspections, however, the number 
of exceptions to good engineering 
practice, to wit: grit chambers located 
in deep basements without adequate 
means for raising grit to grade (in this 
connection, the writer does not con- 
sider the apartment house type of ash 
hoist as adequate to handle grit) ; com- 
minutors located under stairways; 
sewage meters with pressure piping, 
flushing lines and valves located in wet 
wells; guided stem vertical check valves 
in sewage pump discharge lines; man- 
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hole-step ladders and ship-type stair- 
ways; valves located in almost inac- 
eessible places, ete., ete. Another item 
frequently mentioned by operators is 
the by-pass line that should have been 
built. The writer has never heard an 
operator complain of too many valves, 
but many times he has heard the lack 
of a certain valve decried. The fore- 
going is not intended to be critical but 
is illustrative of what can and does 
happen. 

Small plants are very often designed 
to appear as something other than a 
sewage treatment plant. Buildings are 
designed to conform to neighborhood 
architecture and more or less extensive 
landscaping is provided to carry out 
the overall effect or to camouflage tanks 
and functional structures. This is all 
very well and serves an admirable pur- 
pose but always means more work for 
the operator on maintenance and up- 
keep. Such work should be done by 
extra labor provided for that purpose 
or care and maintenance of grounds 
should be turned over to the park de- 
partment. 


Specifications for the Operator 


The small plant operator must of 
necessity be a versatile and composite 
type of individual. He should be an 
electrician, pipefitter, machinist, gar- 
dener and book-keeper with a leaning 
toward practical sanitary engineering 
and chemistry. He should have a gen- 
erous amount of ingenuity, adaptabil- 
ity and diplomacy in his make-up and 
a large amount of conscientiousness. 
In addition to this he must have a 
tough stomach and a willingness to 
perform hard labor incident to tank 
and grit chamber cleaning, clearing of 
pipe line stoppages and sludge cake 
removal. 

The smaller plants will usually have 
only one operator who may even be on 
a part-time basis. The larger plants 
will usually have a chief operator and 
an assistant operator or laborer, and 
in one plant to the writer’s knowledge 
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four men are required to handie a 
flow of 0.5 m.g.d. 

The selection of operators is unfertu- 
nately often made on the 
politics and personal friendship, with 
little thought given to the actual physi- 
cal and mental requirements of the job. 
The activities of the state health de- 
partment through the Publie Health 
Council in setting up qualifications for 
sewage works operators, and the ( ivil 
Service laws as enacted recently, have 
tended to lessen political activity and 
influence in the selection of operators. 

The writer has knowledge of 
case where a penuriously inclined mu 
nicipality hired a friend of the Mayor 
to take charge of their recently com 
pleted high degree treatment plant of 
small capacity. The stipend was low 

-very low indeed—but the 
was to be allowed to carry on his own 
personal business as a sideline. As 
might be expected, the sewage treat- 
ment plant actually became the side- 
line and in a short time the plant was 
inoperative—that is, except for the 
by-pass line. Conditions soon became 
intolerable and, following a normal 
course of events dictated by circum- 
stances, and not without headaches 
galore to those involved, the now edu- 
cated Village Fathers have a competent 
operator who is doing a good job and 
turning out an excellent effluent. His 


basis of 


one 


operator 


efforts were just recently rewarded 
with a raise in pay. 
The small plant operator usually 


works under very informal conditions. 
He is usually a friend of the city offi 
cials and well-known in town. He is 
his own boss as long as things go well 
and if they do not he should know the 
right answers. He does not have to 
punch a time clock and can usually 
arrange his work to suit his affairs. 
On the other hand, his vacation is 
usually a catch-as-catch-can affair and 
his wife will probably often remark 
that he loves the plant more than he 
loves her. This statement is due, of 
course, to the time spent at the plant 
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after hours in clearing stoppages from 
non-clog pumps, ete. 

In addition, he may be called upon 
occasionally to perform certain extra- 
curricular duties such as painting the 
Mayor’s kitchen or installing a drain in 
Commissioner Brown’s back yard. 
These jobs may be cheerfully done but 
always result in less time for the plant. 
As routine plant operation work in- 
ereases, this kind of activity will surely 
become onerous and consequently detri- 
mental to the operator’s state of mind 
and to plant operation in general. 


Common Small Plant Experience 

The average small plant usually 
starts off under excellent auspices. The 
initial flow may be as low as 5 to 10 
per cent of the design flow and opera- 
ting results are perfect. The effluent 
is uniformly good and sludge digestion 
proceeds without a hitch. Sludge 
withdrawals are far between and cake 
is allowed to remain on the beds until 
very dry and light. At the same time 
there is ample time to spend in the 
laboratory to prove the good results 
obtained. 

As the ratio of actual flow to de- 
sign flow increases, however, plant op- 
eration changes. The quality of the 
effluent deteriorates, and the labor in- 
volved in routine operation such as 
channel cleaning and sludge pumping 
Also, unexpected and some- 
times unheard of kinks develop in me- 
chanical equipment. The digester may 
become obstreperous and foam all over 
the yard. Sludge cake must be re- 
moved earlier to make room for more 
sludge from the digester. 

At this time the operator is a very 
busy man and does not have much time 
for laboratory work. He will also try 
to interest some local farmer or nurs- 
eryman in the sludge cake, the object 
being to have the farmer clear the 
beds. This arrangement is a good one, 
but is apt to bog down on the fact that 
the farmer often cannot take the sludge 
when ready due to other work. So the 


increases, 


SMALL PLANT OPERATION 


1193 


operator will bend his weary back again 
or try to get the Council to authorize 
extra labor. 


Laboratory Functions 

Laboratory work in a small plant 
should be cut down to a bare minimum. 
In the smallest plants, settleable solids, 
residual chlorine and pH determina- 
tions will suffice. In larger plants, sus- 
pended solids and sludge solids and 
volatiles should also be run. B.O.D. 
work on a routine basis should be ear- 
ried on only at secondary treatment 
plants. 

In contrast to the large plants, with 
regular technical personnel and con- 
tinuous compositing of samples, the 
small plant operator will be lucky to 
get in one or perhaps two 6-hour com- 
posite samples a week. and this com- 
posite will represent only the day flow. 
Sludge samples will usually be taken 
at weekly intervals or less. Laboratory 
work can be carried on in two ways— 
either sandwiching it in between other 
routine work, or setting aside one day 
for laboratory work and reducing rou- 
tine work to a minimum. The second 
alternative is the better one. 


Records 

Modern plant operation requires that 
control data and operating records be 
kept. These will serve to provide a 
comprehensive overall picture of plant 
operation and will also serve a pur- 
pose in future studies of sanitation 
problems as they arise. The operator’s 
charts should be as complete as pos- 
sible but should contain no extraneous 
matter or unnecessary data. Records 
should be honestly kept and_ not 
‘‘fudged in.’’ The standard forms of 
the New York State Department of 
Health are excellent ones to use and 
can be adapted to any type of plant. 


The Annual Budget 


There is one other problem that 
should be brought out, if only briefly. 
This problem is one that concerns the 
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large plant operator as vitally as his 
smaller brother. Reference is made to 
the annual estimate of expenses for 
the fiscal year following, commonly 
known as the Budget. 

The operator usually does not have 
too much to say about this matter; 
although he may be asked what he 
thinks he will need and to draw up a 
list. This list, if honestly drawn up 
to cover all items and to provide for 
unexpected contingencies, and a couple 
of dollars to attend mettings such as 
this one, will inevitably be high and 
will just as inevitably be cut to shreds. 
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So the operator prepares an estimate 
barely covering the minimum essential 
requirements of labor and supplies and 
still probably finds it slashed arbitrar- 
ily. Under such a system, needed im- 
provements are long delayed even to 
the point of breakdown of equipment 
and failure of processes. 

In conclusion, the writer repeats that 
he has highlighted only a few of the 
problems of the small plant operator 
and his plant. In order to get a full 
picture, with all its ramifications, it is 
almost necessary for one to serve as 
such an operator for a time. 


FACTS ABOUT CHLORINE * 


By Wiumer H. Kocu 


Works Chemist, Niagara Operations, The Mathieson Alkali Works, Niagara Falls, N. Y. 


Chlorine is an element which belongs 
to the same family as iodine, bromine 
and fluorine. Iodine is a solid at room 
temperature, bromine a liquid and 
fluorine and chlorine are gases. 


Chlorine Manufacture 


Chlorine is made by the electrolysis 
of common rock salt. An electric eur- 
rent is passed through a saturated solu- 
tion of the salt, caustic soda and hy- 
drogen gas being liberated at the 
eathode while chlorine is set free at the 
anode. The chlorine gas is passed 
through concentrated sulfuric acid in a 
tower which removes all the moisture. 
This is necessary because wet chlorine 
is very corrosive and would rapidly at- 
tack the container in which it is 
shipped. Pure dry chlorine is rela- 
tively inert. 

The chlorine is then cooled and com- 
pressed, which causes it to liquefy. 
From the storage tanks it is transferred 
to the various containers in which it is 
shipped, ranging in size from 100-Ib. 

* Presented at Spring Meeting of New 


York State Sewage Works Assn.; Utica, 
N. Y.; May 24-25, 1946. 


eylinders to tank ears which hold as 
much as 30 tons. 


Preparation of Containers 


Before filling, each cylinder is eare- 
fully steamed out, cleaned and dried 
to remove all rust and dirt. A light 
is lowered into the cylinder for visual 
inspection of its condition. The valve, 
which has been previously removed, is 
completely reconditioned; the packing 
is renewed, a fusible plug is put in 
place and the valve is tested for leaks. 
The cylinders are filled overweight and 
blown down to the proper weight, 
which operation removes most of the 
air and non-condensible gas from the 
gas space in the cylinder. After filling, 
the cylinders are painted with alumi- 
num paint which has been found to 
have a lower heat absorption than 
other types of paint previously used 


Chlorine Storage and Use 


In the cylinders the chlorine exists 
as a liquid. The cylinder is left with 
about 15 per cent free gas space above 
the liquid to provide for expansion on 
any ordinary increase in temperature. 
As the cylinder is received at an ordi- 
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nary temperature of 72° F. the pres- 
sure will be approximately 85 Ib. gage. 
If the cylinder is stored outdoors in the 
winter and its temperature falls to 
39° F., the pressure will fall to about 
39 Ib. At 100° F. the pressure will 
be about 140 Ib. 

Containers, if stored in the cold, 
should always be brought inside into a 
heated room for some time before use 
so that there will be sufficient pressure 
developed to afford a ready flow of the 
eas. A ehlorine container acts much 
like a boiler. If the temperature out- 
side the container is raised without the 
release of gas the pressure will rise. 
The difference lies only in the fact that 
the boiling point of chlorine is —30° F. 
That is why it already has a cylinder 
pressure as high as 85 Ib. at 70° F. 

When a cylinder valve is opened the 
chlorine gradually evaporates from the 
surface of the liquid and at the same 
time the temperature of the liquid 
falls. The heat loss must be supplied 
by the atmosphere surrounding the con- 
tainer to maintain the pressure. If the 
ichlorine is removed faster than this 
heat ean be supplied, the liquid cools 
rapidly and eventually a frost line 
shows on the surface of the container 
and the pressure is_ considerably 
lowered. 

If a sufficiently large quantity of 
chlorine is required in an operation to 
cause containers to frost, the contain- 
ers should not be heated externally. 
Instead, it is better to hook up several 
containers to a manifold, drawing from 
all of them at the same time. 

Placing containers in hot water or 
surrounding them with steam is very 
bad practice and is likely to cause 
serious trouble. At the boiling point 
of water the pressure in the cylinder 
will rise to 540 Ib. Cylinders and tanks 
are tested hydrostatically to only 500 
lb. so, if heated to excess, they might 
burst with attending consequences. 

Precautions are taken to prevent this 
particular occurrence from taking 
place. Each cylinder is supplied with 
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a plug containing a fusible alloy. If 
the cylinder is overheated this plug 
will blow similarly to a safety valve on 
a boiler and allow the chlorine to es- 
cape rapidly. The fusible alloy softens 
at between 157°-165° F. 

From each type of container, chlo- 
rine may be removed as either gas 
or liquid, depending upon the position 
of the container. If the chlorine is re- 
moved as a liquid in the operation, 
there is no particular decrease in the 
pressure since the heat loss due to 
evaporation of the chlorine takes place 
outside of the container and in the 
solution to which the chlorine is being 
added. 

Chlorine also forms a hydrate by 
addition to water. At a water tem- - 
perature of about 40° F. erystals of 
chlorine hydrate will separate when 
chlorine is applied. Oftentimes the 
erystals form in chlorinators in the 
winter where the room is unheated and 
where the water is cold. If this reac- 
tion is allowed to continue the erystals 
will plug up the orifice of the chlorin- 
ator. Raising the temperature of the 
water will cause them to dissolve and 
will remove any obstruction. The 
formation of hydrate crystals may be 
prevented by inserting a small heater 
in the water supply line, raising the 
water temperature to between 50 and 
55° F. In some instances infra-red 
lamps have been used successfully. 

Moisture should never be allowed to 
get back into the chlorine lines. Wet 
chlorine is very corrosive and attacks 
iron and copper to form the chlorides. 
These chlorides can cause no end of 
difficulties in plugging up orifices and 
chlorine lines. 

Chlorine containers should always be 
handled with care. They should not 
be stored next to heated radiators. 
Cylinders should not be placed in an 
upright position, without bracing, 
where they may be knocked over. The 
protective caps over the valve should 
be kept in place unless the cylinder is 
in use. 
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Valve stems which are frozen shut 
should not be forcibly opened with 
sufficient pressure to twist the stem. 
If a chlorine valve is leaking at the 
stem, it should be tightly closed and 
the packing nut and packing gland re- 
moved, the packing replaced and the 
packing nut and gland returned to 
place. If the valve is leaking at the 
outlet the stem should be closed tightly 
and the cap screwed tightly over the 
outlet, after being sure that the as- 
bestos gasket is in place in the eap. 
The cap will hold enough pressure to 
enable the cylinder to be removed to 
a safe place. 

In the event neither of these provi- 
sions apply, the chlorine should be run 
into a milk of lime solution and ab- 
sorbed or the cylinder should be placed 
out into the open, if the surroundings 
are relatively uninhabited, and allowed 
to leak until empty. All these opera- 
tions should be carried out while wear- 
ing a protective mask. 


Action of Chlorine 


Chlorine is the cheapest and one of 
the most effective agents for oxidation. 
It finds its use in sewage treatment 
because of its ability to kill harmful 
bacteria. It does this either by suffo- 
eating bacteria of the type which can- 
not live without oxygen, by direct 
chlorination or by the formation of 
oxygen in the nascent state which in 
effect ‘‘burns’’ the organic matter of 
which they are composed. It also 
forms, with water, hydrochloric and 
hypochlorous acids, which are both very 
deleterious to organic life in many 
forms. 

In the same manner other objection- 
able organic compounds are rendered 
less so by its action. The exact mech- 
anism of these reactions is not com- 
pletely known and is_ subject to 
considerable difference of opinion. Gen- 
erally speaking, water or sewage which 
has had sufficient contact time with 
chlorine and which carries a residual 
chlorine econtent at the end of that 
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time is considered to be pathologically 
inert. 

The amount of chlorine contained 
in a sample of sewage or water is 
generally determined by measuring the 
intensity of color produced on the ad- 
dition of o-tolidine reagent. Other 
tests such as the well-known starch- 
iodide test or the alpha napthaflavone 
test may be used and should be when 
there is any question of the results ob- 
tained by the o-tolidine test. Some- 
times these interferences may be com- 
pensated for but many times results 
are obtained which are very much 
open to question. If the difficulties 
cannot be resolved by means available 
at the spot the operator should always 
procure the services of his state board 
of health engineers. 

It is advisable that all operators be- 
come familiar with the latest modifica- 
tion of the o-tolidine test known as the 
OTA test. This method is discussed 
and outlined in an article by Gilcreas 
and Hallinan in the December, 1944 
issue of the Journal of the A.W.W.A 


Chlorine Hazards 

Chlorine is a noxious gas. It was 
the first gas used by the Germans in 
World War I. It belongs to the elass 
known as lung irritants. 

The best means of avoiding its effects 
is to get away from it as quickly as 
possible. If the concentrations are 
sufficiently high to cause distinct irri- 
tation of the membranes of the nose 
and throat, a protective mask should 
be worn when working with it. There 
is advantage in that chlorine is readily 
detected by smell and is thus relatively 
easy to avoid because its presence is 
easily noted. Unless trapped where 
it is impossible to get out, it is not 
easy to be seriously exposed because it 
is difficult, if not impossible, to remain 
for any but the shortest time in con- 
centrations which are serious. 


Physiological Effects 
Chlorine is readily soluble in water 
and for this reason attacks easily the 
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membranes of the nose and _ throat, 
bronchial tubes and lungs. An im- 
mediate irritation is set up which 
eauses coughing and, in the ease of 
large amounts, a choking effect. Only 
rarely will death occur on sudden ex- 
posure and then only because of the 
reflex action caused by heavy concen- 
trations. The chlorine dissolves in the 
water of the membranous tissues where 
it hydrolizes to form hydrochlorie acid. 
This acid breaks down the cell tissue 
walls, releasing the fluid in them. 

If the concentration is high enough 
or the exposure long enough, this action 
in the lungs causes an edema or water- 
ing of the lungs. The water proceeds 
to fill up the air saes of which the 
lungs consist. The watery fluid inter- 
feres with the transfer of oxygen to 
the blood and causes anoxemia. The 
blood thickens from lack of oxygen and 
the whole process proceeds through 
cyanosis (blue stage of asphyxia) to 
final eardiae collapse. The victim actu- 
ally dies either from shock or drowns 
in his own body juices. Short of death, 
the effect is to produce pulmonary 
pneumonia and all the treatment is the 
same as for this well-known affliction. 
First Aid 

In the treatment of chlorine exposure 
cases there are several things to be 
carefully remembered. Because of the 
fact that in many cases there is a de- 
layed action, the victim should be given 
complete and absolute rest whether he 
thinks he needs it or not. If necessary, 
this should be enforced and the pa- 
tient compelled to lie down. The rest 
period should extend from 24 to 48 
hours and nothing should be done to 
increase in any way the heart action. 

For mild cases which produce noth- 
ing more than an irritation of the 
nose and throat with attendant cough- 
ing, breathing small amounts of chloro- 
form has been helpful.* Others have 
had relief from drinking milk. Many 

* This is not a recommended procedure for 
inexperienced personnel. 
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things have been suggested for relief 
in this condition but most of them are, 
it is believed, psychological in their 
effect. 

For more severe cases absolute rest 
is essential, preferably in a prone posi- 
tion. The feet should be slightly raised 
to assist in the drainage of the lungs; 
oxygen should be administered where 
there is difficulty in breathing and the 
patient should be kept warm. Warm 
drinks may be administered, such as 
warm tea or coffee. Alcohol is con- 
traindicated as is also morphine. Rest- 
lessness and apprehension may be 
combatted with guarded doses of bar- 
biturates only under the direction of a 
physician, but the relief obtained by 
the administration of oxygen is the 
best means of quieting and reassuring 
the patient. 

Where anoxemia has developed the 
treatment is the same as for regular 
eases of pneumonia. It is not desirable 
to mix either helium or carbon dioxide 
with the oxygen since the difficulty is 
not bronchial obstruction or lack of ear- 
bon dioxide in the blood. Oxygen ad- 
ministration should be continued at 
frequent intervals until there is no fur- 
ther indication of cyanosis. In eyanot- 
i¢ conditions venesection is called for 
to remove some of the load from the 
heart. 

Absolute rest must be continued for 
some time after respiratory symptoms 
disappear and resumption of exercise 
should be gradual to avoid fatigue and 
exhaustion. 

The milder always 
Most deaths occur within 24 hours and 
these are due largely to broncho-pnen- 
monia which is more apt to oceur in 
men with pre-existing pulmonary dis- 
eases. Psychosomatic complaints may 
continue for years. 


Cases recover. 


Precautions 

Actually,*chlorine is one of the least 
offensive of the so-called poison gases. 
Its effects are easily avoided. First, 
get away from it if you have no busi- 











ness there, and if your business takes 
you there, wear a protective mask 
when working with it. It is always 
well to remember that a protective 
mask is not a cure-all. 

If the concentration of chlorine is 
very high, even though the mask re- 
moves all of the chlorine the amount 
of oxygen remaining is not sufficient 
to sustain life and an oxygen mask 
will be required. There should be, 
however, some type of protective mask 
wherever chlorine is used. These masks, 
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with their canisters, should be inspected 
periodically so that they will be in 
usable condition when they are most 
required. Once the cap which seals 
the canister has been removed and the 
canister has been used it should be re- 
placed by a fresh canister. 

Lacking a mask, get out and stay 
out. The chlorine will be gone before 
long with the windows and doors open. 
It is best to handle chlorine with re- 
spect rather than contempt for its 
hazards. 
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By W. W. MatHEws 


Superintendent, Gary (Ind.) Sanitary District 


August 23, 1940—O-Day is upon us! 
For the past two weeks we have been 
training operators; testing pumps, 
blowers and other equipment and other- 
wise preparing for this occasion. 
Pumping of sewage to the grit cham- 
bers and primary tanks was begun 11 
10:45 this morning. The die is cast! 

The operation staff (including your 
Logger) is more or less on edge as each 
primary treatment unit of the plant 
is introduced to its function. Yet we 
are well prepared, since all of the 
outside men worked as inspectors dur- 
ing construction and are familiar with 
the location and purposes of piping, 
valves and structures. 

Probably the most complicated re- 
sponsibility of the outside operators 
is in pumping and transferring raw 
and digested sludge. In each of the 
four sludge control houses there are 
38 valves for handling the flow of 
sludge to five primary and three sec- 


*To diversify the content of the Log, ar- 
rangements have been made to- have Mr. 
Mathews alternate with W. A. Sperry in 
furnishing future columns. This introductory 
contribution by Mr. Mathews relates experi- 
ences in the commencement of operations at 
the Gary activated sludge plant, which serves 
a population of 100,000.—Zditor, 


ondary digesters, and to the sludge 
beds. This piping, affording maximum 
flexibility for pumpage and transfer, 
is quite confusing at first glance. With 
careful instruction as to the object of 
each operation and with the aid of 
arrows and labels on the various lines, 
however, the men got the ‘‘know how’’ 
quite rapidly. An outside operator 
in this plant must have knowledge of 
the location and purpose of more than 
300 valves! 

The pump and blower house staff, 
which we classify as ‘‘inside’’ opera- 
tors worked during construction for 
about a month, while the gas engines, 
blowers and pumps were being in- 
stalled. Consequently, they are also 
prepared to operate and maintain the 
equipment for which they are respon- 
sible. 

As we begin to take the flow, one 
gas engine driven pump is in service, 
with the engine jacket water being 
used to heat the primary digesters. 
The engine is operating on public util- 
ity gas. Operation went smoothly with 
no mishaps. 


August 24—The first raw sludge— 
quite thin—pumped to the primary di- 
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gesters. Several sludge pump stop- 
pages on account of small sticks, chips 
and other residual construction debris 
puzzled the outside operators, who had 
taken great pains to remove such ma- 
terial from piping, conduits and. tanks 
before the flow was admitted. 


September 17—Primary treatment 
having been in operation for 25 days, 
four of the aerators were filled and 
placed in service today. Application 
of air was begun at noon without flow 
through the tanks. 


September 18—Secondary treatment 
started in earnest as flow is admitted 
to the aeration tanks and return sludge 
pumps are started. One gas engine 
driven blower is being operated on 
utility gas fuel, giving us additional 
jacket water heat for the. digesters. 
Stoppages in the raw sludge suction 


header keep us from leaning over the 
rail at the aerators to watch the sludge 
‘“‘activate.’’ Your Logger and his chief 


operator were kept on the job until 
midnight. 


September 20—Everything running 
smoothly exeept that primary tank 
sludge. One stoppage followed an- 
other, engaging the day crew until mid- 
night in backflushing the suction 
header. 


September 21—Enough of these late 
hours playing nursemaid to the raw 
sludge pumps! Today we began pump- 
ing down the primary tanks to check 
the sludge hoppers and suctions—and 
well worth the trouble it was. The 
yield from the No. 1 unit was a short 
piece of 2 by 4, a small paint bucket 
and an assortment of nuts, bolts and 
washers; the sludge hopper of the No. 
2 tank contained several pieces of 
broken conerete; and a quantity of 
sand was taken from the hopper of 
the No. 3 unit that was sufficient to 
block completely the suction opening. 

And thus was solved our first major 
operation problem! 
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September 24—Noting that the return 
activated sludge possessed a somewhat 
stale and septic odor, we concluded 
that the 25 per cent return rate was a 
bit low and decided to increase it. The 
final settling tank effluent now has a 
rather milky appearance. 


September 26—Dedication Day, with 
all its fanfare, floral pieces and fancy 
speeches by public officials. A fine 
crowd in attendance, all to be con- 
ducted on an explanatory tour of the 
plant. Among those who registered on 
this date were fellow Logger Walter 
Sperry and son John; Fred Nelson, 
Frank Bachmann and R. 8S. Rankin of 
the Dorr Co.; Milton Spiegel and G. D. 
Bers of the Chicago Pump Co.; and 
Paul J. Kleiser, David Backmeyer and 
J. EK. Epler. 
All in all, a very large day! 


September 27—The first signs of visi- 
ble activated sludge floe in the final 
clarifiers. The effluent, turbid and 
cloudy heretofore, is beginning to clear 
up. 

October 2—After almost exactly two 
weeks of aeration we can now boast of 
a well developed activated sludge floc. 
The plant effluent is clear and spark- 
ling and low in B.O.D. but carrying a 
bit more suspended matter than is de- 
sirable. 


October 3—Time out for a very spe- 
cial oeeasion. To Chicago for the first 
annual technical meeting of the Fed- 
eration. Many new and old friends to 
see and a lot of visitors at the plant 
from all over the nation. 


October 8—A notable day in that the 
first digester gas is turned into the 
system and burned at the waste burner. 
Primary digester No. 5 is the first 
‘‘nrodueer,’’ yielding about 50 c.f.m. 

As turned over to us by the con- 
tractor, each digester contained about 
5 ft. of water that had been pumped in 
to test the tanks for leakage. Raw 
sludge was pumped to the primary di- 
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gesters about 2 hours per shift so that 
tanks were filled slowly and, when 
full, acid digestion had been completed 
with the pH stabilized at 7.0 to 7.1. 
Division of the daily raw sludge 
charge among the five first stage units 
represented a moderate loading and 
there was no indication of foaming at 
any time. At times, from 100 to 200 
lb. of lime was added per day per tank 
but its effect was probably more psycho 
logical than actual because each unit 
holds more than a million gallons. 


October 9—The eas flow from No. 3 
digester is now turned into the system 
—rate about 40 c.f.m. No. 5 is pro- 
ducing so rapidly now that the gas 
dome seal was broken. 


October 18—We have been following 
with a great deal of interest, and some 
coneern, the gradual rise in blower 
pressure since the aeration tanks were 
placed in service just a month ago. 
The pressure has advanced from 7.0 
to 7.8 p.s.i. in this short time. 

It is believed that we are now re- 
ceiving the first effects of the pickling 
liquor that is discharged to the sewers 
at one of the large steel mills here. 
These wastes have also imparted an 
orange-red color to the activated sludge 
that is quite pleasing in appearance. 


October 26—Another important day. 
With the gas holders almost full, the 
No. 3 engine (driving a 20 m.g.d. sew 
age pump) was placed into service on 
digester gas fuel. 


October 27—Engine No. 4, driving a 
7,000 e.f.m. blower, put into service 
on digester gas. In converting this 
unit from utility gas it was necessary 
to change mixers because of the differ- 
ence in fuel value. 


November 5—The No. 2. aerator, 
which had developed very uneven air 
distribution, was drained and replaced 
by the No. 5 unit. The air pressure 
dropped immediately by 0.6 p.s.i. As 
expected, there was a goodly iron oxide 
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deposit on the surface of the diffuser 
tubes of the No. 2 unit. 


November 9—A large group of stu- 
dents from the Lew Wallace HHieh 
School visited the plant and seemed to 
be generally impressed by the differ. 
ences from their preconceived ideas of 
a sewage treatment plant. 

About the time the visitors left. the 
water main serving the plant burst and 
left the sewage pumps without seals, 
Luckily the flow was low so that repairs 
could be made and operation restored 
before any basement flooding occurred, 


November 11—Celebrated Armistice 
Day by correcting a scum problem at 
the No. 1 digester, which had belched 
a slug of scum into the gas lines and 
meter. Just why this unit should give 
such trouble we cannot say, since the 
piping at all primary digesters _ is 
identical. Nevertheless, operation was 
soon restored with little harm ‘done 
after the piping and meter were flushed 
and the seum accumulation at the di 
gvester gas domes was hosed down. 


November 17—For the first time. it 
was necessary today to light a waste 
burner to get rid of surplus gas. May 
this continue! 


December 4—Our good luck with the 
gas engines has finally run out. For 
the past week we have been combatting 
a jinx that has been working overtime. 

It all began with a loose valve insert 
on one engine, which was readily cor- 
rected by the installation of a spare 
head. Two days later the same engine 
developed a crack in the manifold and 
was down again. In the meantime, 
another engine was shut down while 
some changes in blower piping were 
made. Upon attempting to resume 
service it was necessary to shut down 
three times in two days, until the diffi- 
culty was found to be due to a minute 
leak in the gas meter diaphragm. 

With fingers crossed, it can be re- 
ported that the engines are now work: 
ing well, 
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December 6—One of the aeration 
house Venturi meters was found to 
have developed a crack along a flange, 
probably as a result of settlement in 
the piping. The repair by welding 
was accomplished easily. 


December 20—Something new (and 
undesirable) has been added! A heavy 
discharge of oil during the night has 
covered 1,200 sq. ft. of primary tank 
surface with a 1-in. black seum. An 
immediate attempt was made to skim 
off the oil but considerable of it had 
already passed on to the aerators and 
‘‘rainbows’’ were all over the place. 
And what a mess at our shiny new 


primary tanks! 


December 23—The average vas pro 
duction for the 8 days preceding the 
‘‘shot’’ of oil was over 160,000 c.f.d. 
Yesterday it was 89,000 cu. ft., requir- 
ing us to use purchased power for 
pumping. 


December 27——-Insult is added to in- 
jury as another batch of oil, smaller 
than the first, is received. A reconnais- 
sance party has been dispatched to lo- 
cate the source. 

Recovery from the first dose of oil 
was far from complete, with gas pro- 
duction at 99,000 ¢.f.d. but on the rise. 
The plant effluent was carrying 3 p.p.m. 
of B.O.D. and 5 p.p.m. of suspended 
solids ‘‘B.O.’’ (before oil) ; these values 
p.p.m. and 41 p.p.m., re- 


» 
) 


are now 2: 
spectively. 


December 31—A glance in retrospect 
as the year ends discloses that we have 
not had too much to complain about 
in our first 14 weeks of operation, al- 
though we would gladly dispense with 
the free oil we have been getting. 
Mechanical troubles at equipment have 
thus far been vexing but not at all 
serious. 

Experience to date has also justified 
some operational variations, such as the 
increase in rate of activated sludge re- 
turn that was decided upon soon after 
secondary treatment was initiated, in 
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order to keep the sludge fresh. It was 
originally intended to carry about 2,000 
p.p.m. of mixed liquor solids but it now 
appears that half this concentration 
should be enough. Likewise, the origi- 
nal rate of air appli-ation of 0.75 eu. 
ft. per gal. has been reduced to 0.5 eu. 
ft. per gal., with continuing good re- 
sults. 


January 1, 1941—It would have been 
a happier New Year if we hadn’t re- 
eeived another batch of oil. Gas pro- 
duction is down to 76,000 e.f.d. and the 
electric meter is ticking merrily—for 
the power company, that is—along. 


January 6—Skimming oil from the 
primary tanks is getting to be a daily 
routine now, and a tiresome one in- 
deed! We are caught in a vicious cycle 
with no gas—no engines—no heating 
water—no digester heat—and no gas, 
which is where we came in. An old 
road roller has been borrowed and 
placed in position for use as an auxil- 
iary heater for the digesters, using live 
steam from the boiler. 


January 13—The digesters really 
eame to life today, the day’s gas yield 
being 210,200 cu. ft. The decrepit road 
roller boiler appears to be just what 
the doctor ordered! 

In an effort to reduce oil consump- 
tion at the gas engines, a continuous 
type Fuller’s earth oil filter was in- 
stalled for trial on engine No. 4. Here- 
tofore it has been necessary to change 
the oil every 30 days. 


January 14—Another cracked mani- 
fold on No. 4 engine, but not serious. 


January 21-—A sludge suction stop- 
page at the No. 5 secondary clarifier 
made it necessary to remove the unit 
from service for dewatering. 

The auxiliary steam boiler is still 
in service at the digesters and gas pre- 
duction is very satisfactory at 197,500 
e.f.d., although there was a gradual sag 
to 120,000 ¢.f.d. on the day before 
yesterday. But now the holders are 
up against the stops, giving us 180,000 
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eu. ft. in storage. It was satisfying to 
be able to light the unit heaters and 
waste gas burner again. 


January 31—The source of the un- 
wanted oil has been located at last in 
an industrial plant where cutting oil 
is used on automatic machinery. With 
considerable relief we note that, in 
spite of the oil and resulting digester 
trouble, gas production in January 
averaged 130,500 e.f.d., which supplied 
87.1 per cent of the power needed for 
aeration and 73.6 of the power required 
for pumping of sewage. That cutting 
oils are objectionable to activated 
sludge treatment is proved by compari- 
son of the average B.O.D. removal of 
86.4 per cent for January with the 
values of 93 and 94 per cent for De- 
eember and November, respectively. 


February 1—The temperature of the 
digesters is now very satisfactory and 
the auxiliary steam boiler has been 
shut down. - 
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February 22—Last month the diges- 
ters were too cold. Now, believe it or 
not, the temperature of two of them 
is over 100° F. and it becomes neces- 
sary to shut off the heating coils! We 
also had to open the heat exchanger 
by-passes to reduce the heat intake of 
the cireulating water. 


March 1—F ebruary broke several ree- 
ords. First, 100 per cent of the 
power required for pumping and aera- 
tion was supplied by the gas engines. 
Second, no oil was discharged to the 
sewers, finally, by coincidence, sus- 
pended solids and B.O.D. removals 
were identical at new highs of 94.8 per 
eent. 

And so, at O-Day plus 178, we con- 
sider that the shakedown cruise is over 
and that the Sanitary District of Gary 
now has a new utility that will serve 
it well through the coming years—a 
utility that is a eredit to its designers, 
its builders and to the people it will 
serve. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ConpuctTEep BY LERoy W. Van KLEEcCK 


Summary of Plant Operations for the Year 1944 of the Greater Winnipeg 
Sanitary District, Winnipeg, Manitoba * 


3y D. L. McLean, Superintendent 


The works constructed and operated 
by the Greater Winnipeg Sanitary Dis- 
trict consist of an intercepting sewer 
system and a sewage treatment plant 
which collects and treats the sewage 
from some 260,000 inhabitants of the 
cities of Winnipeg and St. Boniface, 
the town of Transcona and the mu- 
nicipalities of St. Vital, East Kildonan 
and West Kildonan. The general ar- 
rangement of the sewage treatment 
plant is shown in Figure 1. 

* For previous extracts see THIS JOURNAL, 


14, 5, 1096 (Sept., 1942) and 17, 1, 139 
(Jan., 1945). 


Digester Scum 

Digester seum may vary from foam- 
like material consisting of particles of 
sludge supported by gas bubbles to 
accumulations ten or more feet in 
depth having sufficient surface strength 
to support an adult person. 

At this plant there has been special 
opportunity for observing the forma- 
tion of digester scum. When the plant 
went into operation, digestion was car- 
ried out with two primary digesters 
equipped with Dorr Turbo-mixers and 
two secondary digesters without any 
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FIGURE 1.—General arrangement of sewage treatment plant of Greater Winnipeg 


Sanitary District. 
capacity. 


stirring equipment, although provision 
was made in these secondary digesters 
so that mixers could be installed when 
Following digestion, the 
sludge was washed and settled in two 
elutriation tanks. 

As the war loading came on the 
plant, the four digesters were used as 
primary digesters. From this it was 
possible to observe from day to day 
the value of the Dorr Turbo-mixers. 
On each digester a daily record was 
made of the scum level so that the 
height of seum above the water level 
of each digester was recorded. The re- 
moval of this scum accumulation from 
the digesters gave another source of 
information. 

The following observations were made: 


required, 


1. The digester scum weighs from 50 
to 53.5 Ib. per eu. ft. 

2. It consists of particles which are 
supported by gas bubbles and of which 
some 99.9 per cent will sink if freed 
from the supporting gas bubbles. Usu- 
ally only a small portion of the seum 
particles are longer than 1/8 in. 


Future extensions shown with present 


installation of 25 m.g.d. 


3. The accumulation ean be settled 
by stirring with Dorr Turbo-mixers or 
by sprays. 

4. The material can accumulate from 
overloading of the digesters, lack of 
heat or other abnormal conditions. 

5. This scum, when ground to pass 
a No. 30 standard mesh sieve and held 
on a standard No. 100 standard mesh 
sieve, will digest in the same way as 
other raw sludge. 

6. The scum on the two digesters 
equipped with Dorr Turbo-mixers 
never gives trouble as long as the 
raw sludge solids and temperature are 
controlled. 

7. The scum on the two digesters not 
yet equipped with stirrers accumulates 
to depths of & to 14 ft. so that this 
must be removed about once a year. 
Such removal is a dangerous and 
costly work. 

8. Turbo-mixers permit 20 to 25 per 
cent additional raw sludge solids to be 
put into a digester. 

9. By installing Turbo-mixers in the 
two digesters which now afford the di- 
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gestion capacity of only a single unit, 
the digestion capacity of the plant can 
be increased accordingly. 


Use of Air-Lift for Raising Well 

Water 

The chief disadvantage 
quoted against the air-lift of water 
is low efficiency. The experience noted 
in this plant would indicate that its 
encouragement of corrosion of the pip- 
ing is, in at least some cases, an un- 
favorable feature. 


usually 


Alkalinity Tests for Efficiency of Elu- 

triation of Sludge 

Tests at this plant established that 
with alkalinities in the neighborhood 
of 1,000 p.p.m. filtration of samples 
does not result in appreciable losses 
of volatile bicarbonates. It was further 
established that filtering of samples is 
a necessity for accurate results. 


TABLE I. 
Item Average 


Sewage received: 


Total M.G. owe 7,425 
M.G.D.. ; 20.3 
Solids to e .fflue nt (tons) ; 3,254 
Raw sludge to digesters (m.g. 
total, Imp.) .... 14 
Tons dry solids. per ds ee 17.4 
Sludge from digesters to filters 
(m.g. total, Imp.)... 10.3 
Sludge cake from plant: 
Million wet pounds (total) 6.8 
Million dry pounds (total) 2.04 


Ferric chloride used: 
Pounds total. .. 58,663 
Per cent, dry basis 2.9 
Sludge gas: 


Produced (total cu. ft.)... 86,207,400 


For heating (total cu. ft.) 31,582,900 
Wasted (total cu. ft.).... 54,625,500 
Plant influent: 
Temperature (F °)...... ue 58 
Settleable solids (ml. per liter) 9 
Suspended solids (p.p.m.) 380 
pH.. . , 7.5 
B.O.D. (p.p.m.).... 335 
Settling tank operation: 
Effluent settleable solids (ml. 
Ug 2.5 
Per cent removal...... 71.6 


Effluent suspended solids 
OS? 180 
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Summary of Tests on Digestion of 
Stored Elutriated Sludge, Recircu- 
lation of Elutriated Sludge, Deten- 
tion and Short-Circwiting in Elu- 
triation Tanks and Concentration of 


Elutriated Solids 


1. The resumption of digestion of 
an elutriated sludge in storage does not 
seem serious over a 2- or 3-day interval. 

2. Recirculation of the stored solids 
in our elutriation tanks does not al- 
ways result in a uniform reduction of 
dissolved compounds. 

3. Our elutriation tanks, when half 
full of sludge, show a detention time 
of liquid travel through the tank of 
about 40 min. at present pumping 
rates. 

4. There is a considerable loss of 
solids over the overflow weir when 
pumping into a tank with much stored 
sludge. 

5. With several feet depth of sludge, 


Summary of 1944 Operating Data, Greater Winnipeg Sanitary District 


Item Average 
Per cent removal... .. 52.9 
Effluent B.O.D. (p.p.m.)..... 240 
Per cent removal..... 29.3 

Grit (cu. ft. per Imp. m.g.) 1.4 
Raw sludge to digesters: 

Lt Besa ara 9 f 

Per cent water.... 91.0 

Per cent volatile Me, 70.7 
Digested sludge from digesters: 

pH.. 5 eee 7.4 

Per cent water. ... prey a8 93 

Per cent volatile... . Te 52 
Digester temperatures (F °): 

Mis 1... Re ek hs eae : 92 

No. 2. ee 91 

No. 3. 108 

No. 4. ; 108 
Sludge gas: 

Produced daily (cu. ft.).. 236,500 

Wasted daily (cu. ft.) . 149,600 

Carbon dioxide (%)..... , 319 

Oxypen (%)........... «- ee 0.2 

Methane (%)...... cee 67.6 


Elutriated sludge: 
Sludge handled (total U.S. gal.) 12,471,427 
Elutriated effluent (per cent 


oe gt) |) 0.68 to 0.99 


Alkalinity (p.p.m.).. 870 to 980 

BOS ee A a A 7.0 
Total days filters operated. .... 108 
Total cost of operation........ $67,677.20 
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a 7 or 8 per cent solids content may 
be obtained in a few hours. 

6. Results of the solids surveys 
would tend to support the practice 
of pumping into the elutriation tanks 
at separate times from sludge with- 
drawals. They would also indicate 
ie maximum depth of sludge in the 


som 
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tanks of around 4 feet or less. If 
this depth does not represent a suffi- 
cient volume of sludge for an economi- 
eal filter run, then perhaps a third 
tank would be of advantage as a con- 
centration and storage tank. 

Table I contains a summary of the 
1944 operating data. 


Report of Operation of the Willow Run Bomber Plant, Detroit, Michigan, 
Sewage Treatment Plant for the Years 1943 and 1944 


By N. Herpa, Supt. 


This plant was placed in operation 
on December 11, 1941. The sewage 
flow is brought to the treatment plant 
through a 24-in. gravity sewer, and 
the treatment works is of the activated 
sludge type. 

During the early part of 1943 the 
plant reached the design load of sewage 
flow with a gradual increase to ap- 
proximately a 50 per cent overload. 
This overload resulted in considerable 
carry-over of solids from the primary 


tanks, a supernatant liquor disposal 


problem and a further problem with 
wasting of the return activated sludge. 

The plant provided for discharge of 
supernatant to about midway of the 
aeration tanks, or to the primary tanks. 
We tried the discharge of supernatant 
partially to the primary tanks and 
partially to the aeration tanks, both 
resulting in considerable trouble. Wast- 
ing the activated sludge to the primary 
tanks resulted in considerable ecarry- 
over to the aeration tanks, rising of 
sludge in the final tanks, and even with 


TABLE II.—Summary of 1944 Operating Data of the Sewage 
Treatment Works of the Willow Run Bomber Plant 


| 





Item Average 
Sewage flow (m.g.d.)....... 1.48 | 
Gal. per capita per day......... 48.5 
Suspended solids removal (%)..... 95 
5-Day B.O.D. removal (%)....... 90 
taw sludge: 
M.G. removed (total). . 1.68 
Per cent solids......... 3.9 
Per cent volatile solids. . 74.3 
Pies ecto Peete So hesi's Fi 6.8 
Digested sludge: 
Gals. removed (total). . 128,911 
POP CGH ROHEAE 5. ct )4.5. ole aks 2.1 
Per cent volatile solids....... ; 73.7 
Digester No. 1, temperature (F. °) 93 
Digester No. 2, temperature (F. °) 89 
pH, Digester No. 1.. (gal! 
pH, Digester No. 2. «2 
Filtering data: 
Dry solids filtered (Ib.)... 63,975 
Per cent Ca... ...,... a 37.7 
Per Ont MeCls; 6... cs lees: 0.63 
Lbs. solids per sq.ft. per hr... . 3.8 
Gas production: 
Cu. ft. per capita per day....... 0.32 


Item Average 
Cu. ft. per lb. volatile solids added 9.9 
Cu. ft. per lb. dry solids added. . 7.5 
Activated sludge: 
Aeration period (hr.). 11 
Dissolved oxygen, end of a ae ration 
G25 12) Rea Ane are ae ee ae 2.6 
Sludge index.......... 561 
Mixed liquor ‘suspe inded_ solids 
(1.6) 2) 100 ee em a 1,139 
Mixed liquor settleable solids (per 
erie) jt) 110) a 52.9 
Waxed siqgori pelt 3 ....5.2 ssaahcin 7.3 
Suspended solids, return sludge 
C112 217) Jaa a a 3,779 
Return sludge pH ............. 7.2 
Suspended solids (p.p.m.): 
EW Regis is Soe cs is eee ook Sees 104 
Prouuary CMuent. ...... i066 3553 80 
PUAN GMIUCTIOS «2.55 0s os seu tc 5 
5-Day B.O.D. (p.p.m.): 
PG S55 Siaisl nie SiS b:3 005 ce 125 
Primary efiuent.......os25... 100 
PURAHGEANOND : A5ts oisre-o:5 ies aielbe2 12 
Dissolved oxygen in final effluent. 
Co thigh obec mee 1.5 
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all mechanical aerators in operation, 
sufficient dissolved oxygen could not 
be maintained at the outlet end of the 
aeration tanks at all periods. 
Corrective measures taken to control 
these conditions inéluded: reducing the 
solids concentration in the mixed 
liquor, adding milk of lime to the 
primary tanks and aerators, and re- 
turn of filtrate from the sludge filter 
to the inlet channel to the final tanks. 
These measures met with some degree 


of suecess. 
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Chlorination of the return sludge, 
and of the supernatant, was tried at 
dosages of 2 to 8 p.p.m., based on the 
return sludge flow. sy the end of 
about ten days the carry-over was 
completely controlled, the final effluent 
was clear, and the sludge had eood 
settling properties. After several 
months of applying chlorine to the 
waste activated sludge supernatant, it 
has not been too difficult to maintain 
the sludge in good condition. 

Table II is a summary of the op- 
erating data for the year 1944. 


Report of Operation of the District of Columbia Sewage Treatment Plant 
for the Fiscal Year 1945 * 


By Raupeu E. 


Plant Overload 

The 1945 fiscal vear ending June 
30, 1945, saw the District of Columbia 
plant continue to receive increasing 
sewage flows to the extent of 11 per 
eent beyond its design capacity. The 
population overload is approximately 
50 per cent. 
Night Soil Collections 

As in the past the discharge of night 
soil collected from the 782 privies in 
the District of Columbia was continued 
at the grit chamber. During the year 
248,000 gal. were discharged from the 
308 visits of the night soil truck. In 
addition to this quantity several loads 
were received from the circus perform- 
ance in May, 1945. 


Sludge Treatment 

The increasing population load of 
the area served was further felt by the 
digestion tanks more than any other 
unit of the plant. Instead of the 
original allowance of 1.75 cu. ft. per 
capita during the year, the per capita 
volume dropped to about 1.10 cu. ft. 


* For previous extracts see THIS JOURNAL, 
14, 5, 1,102 (Sept., 1942); 17, 1, 182 (Jan., 
1945) and 17, 2, 364 (Mar., 1945). 


KUHRMAN, Supt. 


The result has been highly critical op- 
eration of the digestion tanks. 

In combination with the high gas 
production resulting from the high 
solids loads and the difficulty in main- 
taining flow through all the lines serv- 
ing the tanks, some scum was _ lost 
through the relief covers in the tops 
of these tanks. While some scum has 
been dewatered directly with the sludge 
to alleviate this difficulty, lowering of a 
tank level prior to its receiving a raw 
solids load has been found quite effec- 
tive. Fair control has resulted from 
this practice, though the need for 
additional digestion tanks is serious. 
At the end of the vear preliminary ap- 
proval had been received for the prepa- 
ration of plans and specifications for 
four additional digestion tanks. 

All digested sludge was elutriated 
prior to chemical conditioning for de- 
watering. The Potomac River is the 
source of wash water for this operation. 
Two stage washing was employed until 
March, 1945, at which time a temporary 
pipe connection was removed, allowing 
resumption of counter-current elutria- 
tion. 

The sludge dewatering facilities did 
not maintain a high productive rate 
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throughout the year. The reasons for 
reduced production were manpower 
shortage and frequent lack of railroad 
vondola cars for shipment of sludge 
cake to the District of Columbia Penal 
Institutions at Lorton, Va. Because of 
vacancies in the plant operating staff, 
there were numerous occasions when 
there was insufficient crew to operate 
the dewatering-elutriation-digestion fa- 
cilities for the production of sludge 
eake. The overall result of these handi- 
caps is‘an accumulation of sludge in 
the digestion tanks, which sludge will 
have to be dewatered as early as con- 
ditions allow. 


Gas Engine Operation 


As in previous years the operation 
of the gas engine was curtailed dur- 
ine the coldest months in order to ac- 
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commodate the Bellevue Housing Proj- 
ect for which the plant is the only 
source of gas for space heating. To 
aid with the digestion tank heating 
load the Navy Department brought 
to the plant a steam locomotive, oil 
fired, which was connected to heat the 
sludge digestion tanks in order to 
maintain digestion activity. This ex- 
pedient has not been mecessary in 
former years, but was probably neces- 
sary this year because of reduced gas 
production along with severely cold 
weather during the month of January. 

During the year the engine jacket 
water cooler failed by external corro- 
sion of the copper tubing. The plant 
effluent, which is settled sewage, was 
responsible. It is probable that this 
corrosion was greatly accelerated by 
the reduced loads on the engine already 
mentioned. 


Summary of 1944-5 Operating Data, District of 


Columbia Sewage Treatment Plant 


TABLE III. 
Item Average 
Sewage flow (m.g.d.) 144.1 
\pproximate population served 980,000 


Total cost for operation and 
maint. $190,078 


Grit removed: 


Cu. yd. per day. 1.8 

Cu. ft. per m.g.... 0.9 

Per cent solids..... 82.1 

Per cent volatile solids. 13.8 
Night soil handled at plant: 

Loads, total. ... 308 


Gallons, total. 247,960 


Suspended solids: 


taw sewage (p.p.m.). 151] 

Effluent (p.p.m.) .. 74 

Per cent removed... .. 51 
5-Day B.O.D.: 

Raw sewage (p.p.m.).. . 164 

Effluent (p.p.m.).. 116 

Per cent removed. . 29.3 
Raw sludge: 

Per cent solids, range. . 3.8-10.0 

Per cent fats in solids, range 22.0-27.0 
Sludge digestion: 

Volatile solids added to di- 

gesters daily (dry lIb.).... 62,631 


pH digested sludge. ....... 7.3 
Temperature digesting 
aludiep (0°). 5 cs re 95 


Item Average 


Per cent fats in digested 


solids . . 8.9 
Sludge gas produced daily 

(cu. ft.) 659,300 
Sludge gas per capita daily 

(cu. ft.) 0.68 

Elutriated sludge: 

Per cent solids. . 7.3 
Per cent volatile matter in 

solids. . oun ; 47.6 
Ratio wash water to sludge 

volume..... 1.5 
Alkalinity of digested sludge 

(p.p:m:)::.:. 3,010 
Alkalinity of elutriated 

sludge (p.p.m.).... 865 


Analyses of elutriate: 
Suspended solids, range 
(p.p.m.).. 
Alkalinity, range (p.p.m.) . 
5-Day B.O.D., range 
(ppm)... .. 


781 to 3,010 
621 to 1,940 


258 to 629 


| Sludge dewatering: 


Days of dewatering per 

170050 Tg ; 15.0 
Filter hours per month... 327.4 
Per cent solids in cake. .... 27.8 
Yield of solids (lb. per sq. ft. 

[13h 1 2) a rae re eee 6.8 
Per cent of ferric chloride, , . 3,51 











Laboratory Activities 


Weekly composite samples of fresh 
solids, digested sludge and scum were 
tested for chloroform soluble material 
(fats). For the last two months paral- 
lel determinations were made with pe- 
troleum ether in preparation for the 
change to this solvent by the new 
Standard Methods. 

Chemicals used at the plant were 
assayed to determine their strength, 
which is the basis of payment. Occa- 
sional tests were made on the lubri- 
eants used throughout the plant. 
Boiler water was analyzed regularly 
to determine the chemical dosage neces- 
sary in its treatment. Sludge gas is 
analyzed for chemical constituents and 
fuel value. 


Mechanical Repairs 


Most of the sludge pumps were fitted 
with new cylinders, pistons, rods, beams 
and bearings. Failure in the sludge 
pump reduction units was reduced by 
installation of a 28:1 gear ratio train 
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in place of the former 30:1 ratio, 
Greater strength in the intermediate 
gear shaft was thereby obtained. 


Use of Sludge Cake 


Sludge cake shipped by the plant to 
the D.C. Penal Institutions is applied 
there directly to the soil or stored and 
applied later. While the original plan 
of sludge disposal there contemplated 
its use to replace in part, at least. com- 
mercial fertilizer purchases by the in- 
stitution, the institution officials have 
not shared this view and consider the 
sludge of very low fertilizing value. 
Since the anticipated value has not 
been realized, the costs incurred by the 
necessary operation are properly 
charged as a sewage treatment fune- 
tion. (Abstractor’s note: If digested 
primary sludges were accepted as soil 
conditioners and not as competitors of 
commercial fertilizers, such differences 
of opinion would not occur.) 

Operation data for the year ending 
June 30, 1945 are summarized in 
Table ITT. 


Thirteenth Annual Report of the Green Bay, Wisconsin, Metropolitan 
Sewerage District Commission for the Year Ending March 31, 1945 * 


3y GEorGE Martin, Supt. 


This being the thirteenth annual 
report it brings up to date the records 
of the Green Bay Metropolitan Sewer- 
age District which came into being on 
December 4, 1931. In addition thereto, 
it covers the tenth year of sewage works 
operation. During these ten years that 
the sewage from this area has been 
collected and treated, much has been 
accomplished in pollution abatement 
but much still remains to be done. No 
longer are there great sewage sludge 
deposits in the East and Fox Rivers. 
These no doubt are gone forever and 


* For previous extracts see THIS JOURNAL, 
13, 3, 587 (1941); 17, 1, 130 (1945). 





with their disappearance goes much of 
the disagreeable odor that is associ- 
ated with the disintegration of human 
wastes. However some untreated do- 
mestie and industrial liquid waste and 
solids still enter the East and Fox 
Rivers at times of heavy rain and, while 
the strength of this storm sewage is not 
great, it is not a desirable condition 
and is one that can only be eliminated 
by the separation of the sewer system. 
Just this year the City of Green Bay, 
which is charged with the responsibil- 
ity of installing and maintaining the 
sewer system in 95 per cent of the 
Green Bay Metropolitan Sewerage Dis- 
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TABLE IV.—Summary of 1944-45 Operating Data, Green Bay (Wis.) 
Metropolitan Sewerage District 


Item Average 
Sewage flow (m.g.d.) . ahs 7.67 
Storm water by-ps assed, ‘total 
(mi.g)) 4. 454.05 
Raw sludge, ‘total dry - solids (lb. y 3,366,351 
Dry solids (Ib. per day).. : 9,223 
Volatile dry solids, total (Ib.). . 2,246,751 
Volatile dry solids (Ibs. daily).. 6,155 
Sludge gas, cu. ft. daily......... 68,910 
Sludge gas consumed (cu. ft. 
UL? eMC One Aen eae eee 64,679 
Hydrogen sulfide in sludge gas 
(grains per 100 cu. ft.): 
| CS SE eo a 35 
1 Ee ee eR) Re eo 4 
Digeste ‘d sludge withdrawn: 
Wet sludge, total (cu. yds.)... 14,984 
Per cent moisture: 
EY ; a 96 
Min. . ae Saye 81 
Volatile matter (% 4): 
Sci ars ore, oe 68 


trict, started its storm sewer separa- 
tion program. Not enough was accom- 
plished this year to be noticed, as not 
even the first project was completed, 
but it was a start that shows all indi- 
cations of progressing at an ever in- 
creasing rate. Undoubtedly, in a rela- 
tively short while, much will be 
accomplished in not only relieving the 
pollution load on the two rivers and 
3ay but in entirely eliminating base- 
ment flooding in the area served. 

The industrial pollutional load in 
the East and South Rivers, which is 
almost entirely paper mill waste and 
mostly waste sulfite liquor, is terrific. 
For over five years the sulfite paper 
mills have exerted a concentrated ef- 
fort to find a solution for their prob- 
lem, which to date has shown progress 
but no definite solution. If and when 
the paper mill problems are solved and 
their pollutional load is reduced a reas- 
onable amount, then it will behoove the 
municipalities in the Fox River Valley 
to increase their treatment facilities at 
least to the extent of intermediate 
treatment. Rome was not built in a 


day, neither is the Fox River Valley 
sewage 


overcoming their problems 





Item Average 
11 AS Aaeie Miie hoo Nees we oe 34 

5-Day B.O.D. (p.p.m.): 

Influent. . BP AAG d ee real 284 

Final effluent. Saat nee eet 212 

Per cent reduction. .......... 24.7 
Suspended solids (p.p.m.): 

Le ag es are 226 

Pinal eaiiont: 4... 3... 2.05.. 4k. 104 

Per cent reduction. .......... 55 
Screenings (cu. ft. daily)........ 17 
Care (Gus ftadany) =. 0.5.5.0 22. 44 
Chlorine: 

Total lb. for 4 months........ 53,663 

Max. p.p.m. fed..... pane 17 


Electrical energy (kw. hr.) 


Produced by plant, tot Af eres 793,541 

Consumed, total....... 868,362 
Operating costs: 

Total for year....... ee $35,331.20 

OER ee crops > ae ucla eee $10.85 


overnight, but progress is being made 
and every day more people and indus- 
tries realize their ever increasing re- 
sponsibilities so far as pollution abate- 
ment is concerned and more and more 
effort is directed to the final aim of 
restoring the waters to a reasonable 
year-round state of purity. Then and 
only then can it be said that the sani- 
tary problems of this area have been 
solved. 

As to the results of sewage treat- 
ment in the Green Bay Metropolitan 
Sewerage District, they have been as 
good as can be expected of a primary 
treatment plant. No particularly un- 
usual problems presented themselves 
but plant maintenance was on the in- 
crease. This, of course, is to be ex- 
pected as 10 years of sewage service is 
wearing on any plant and it can be said 
that the maintenance and repair prob- 
lems are just beginning. Taking all 
things into consideration, the manage- 
ment has the feeling that the District 
had a successful year. 

A summary of plant operating data 
for the year ending March 31, 1945 
is given in Table IV. 
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Annual Report for the Year 1944 of the Bureau of Sewers of the 
City of Worcester, Mass. 


3y JoHn H. Brooks, Jr., Superintendent * 


Maintenance of System 


The expenditures for the upkeep and 
operation of the public sewer system 
are increasing. While the annual in- 
erements made to the mileage of sewers 
is of some moment, the chief factor 
and contributing agency is the deteri- 
oration caused by the ravages of time 
and ordinary wear and tear. The early 





* For previous extracts see THIS JOURNAL, 
10, 6, 1,075 (1938); 18, 6, 1,244 (1941); 17, 


2, 357 (1945); 17, 5, 1,012 (1945). 


sewers in the Worcester system date 
from the early 1860’s. 
Trickling Filter Operation 

The trickling filters are in poor con- 
dition as a result of the character of 
the influent during the past 20 months 
and will not regain 
normal operating efficiency unti! the 
quantity of acid discharged into the 
sewage is greatly reduced. Followine 
this, the filters will have to clear them- 
selves of all clogging material by 


satisfactory or 


TABLE V.--Summary of 1944 Operating Data, Worcester, Mass. 


Item Average 


Estimated population con- 


nected... 185,000 
Sewage flow (m.g.d.) 22.04 

MAX... .: 55.23 

Min.... 11.95 
Total net expenditures of de- 

partment $312,662.07 


$54,287.39 
$6.73 


Cost of sewage treatment, total 
Per m.g. sewage* 


Valuation of sewage treatment 


| 


works. ... $4,149,000.00 | 
Valuation of all properties and 
supplies. . $19,326,893.88 


Total man-hours of operation, 
entire dept., y 
Catch basin cleaning: 


224,809 


No. cleaned 5,554 
Yards of material removed 10,172 
Hours of work. 3,040 
Trucking hours 6,040 
Plant grit chamber: 
Total cu yds. material re- 
moved.... 839.1 
Cu. ft. per m.g. 2.81 
Total tons.... 881 
Cost of removal per eu. yd. $0.35 
Screenings: 
Total cu. ft. 11,558 
Cu. ft. per day.... 31.6 
Cu. ft. per m.g.. 1.43 
Total tons. : 387.2 
Cost of removal | per cu. ft. 
(cents)....... 10.3 
Imhoff tanks: 
Detention (hr.) . 28 
Skimmings removed, total 
CONS ie ee 3,567 
M.G. of wet ‘sludge, total. 18.42 


Item Average 
Sludge solids (%). ser 7.43 
pH of sludge........ 6.5 
Volatile matter in sludge (°%) 15.9 
Iron in sludge (%)..... 3.61 
Trickling filter operation: 
M.G. treated per acre per day 1.51 
Nozzles cleaned: 
Total... 22,480 
Per day... : 61 
Secondary settling tank operation: 
Detention (hr.)... 2.2 
Gal. wet sludge. . . 6,968,900 
Per cent solids in wet sludge. oo 
pH of sludge. .. 6.9 
Per cent dry volatile solids. 17.3 
Per cent iron in sludge...... 8.58 
Suspended solids (p.p.m.): 
Raw sewage. 239 
Imhoff tank efflue nt. 108 
Trickling filter effluent ae 116 
Secondary tank effluent... 80 
| Per cent overall removal 66.5 
| 5-Day B.O.D. (p.p.m.): 
Raw sewage....... 174 
Imhoff tank effluent. . 123 
Trickling filter effluent. ... a 
Secondary tank effluent... 51 
Per cent overall removal 70.5 
Relative stability (%): 
Trickling filter effluent...... 1] 
Secondary tank effluent... 1] 
Dried Sludge removed from 


drying beds: 


Cu. yds. sludge removed, 

C0 7 Op ae ates ae 18,217 
Cost of removal per cu. yd. 

COO CL) are ae 68.2 


* Per capita cost: 29.4 cents. 
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proper operation accompanied by fa- 
yorable warm atmospheric conditions. 

Pooling of the filters has occurred 
throughout the entire year; tests have 
indicated that the greater part of this 
difficulty is due to surface conditions 
of the filters. Due to the character 
of the influent, this condition has not 
been remedied despite the efforts made 
for its elimination. 


Condition of Sludge 


Despite the fact that the pH of the 
Imhoff tank sludge was 6.5, the sludge 
appeared to be well digested, a result 
similar to that in 1948. Owing to slot 
clogging difficulty, the level of the top 
sludge has been kept lower than usual. 
It is believed that the higher volatile 
matter content of the December sludge 
was due to the character of sludge 
drawn from two tanks during the 
month. It is possible that heavier 
sludge in the corners caused movement 
of sludge from the centers of the hop- 
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pers and that this sludge was not as 
thoroughly digested as usual. 


A Closing Comment 


Sewage treatment is one function of 
municipality operation which receives 
but little consideration by the taxpayer 
or the general public. The usual con- 
ception of the matter is that it is one of 
expense. Almost no thought is given 
to the fact that some 3 m.g.d. of in- 
dustrial waste liquors, together with 
the wastes from the plumbing systems 
of residences, apartments, stores and 
offices, are disposed of in an unobjec- 
tionable manner for the expenditure 
of thirty cents per person for an entire 
year. The work goes on 24 hours each 
day and 365 days each year and is re- 
sponsible for the solution of a health 
problem affecting every individual liv- 
ing or working in the city of Worcester. 

Table V is a summary of the 1944 
operating data. 


TIPS AND QUIPS 


Sewage Farming at Tucson 

Sewage farming as practiced com- 
monly in the Southwest. is typified by 
the procedure at Tucson, Ariz. The 
entire sewage flow, averaging about 
4 m.g.d., is used to irrigate about 300 
acres of city-owned land. 

The sewage is given conventional pri- 
mary treatment by separate sedimen- 
tation and digestion units before dis- 
charge to the irrigation ditches. Two 
Scott-Darecey units located on the main 
outfalls from the city provide chlorin- 
ated iron solution for the’ control of 
sulfides during flow to the plant. Op- 
eration of the digesters here is simpli- 
fied by the weather, in that the air is 
so dry that supernatant can be drawn 
to lagoons where it seeps and evapo- 
rates away almost overnight. 

Flow of the clarified sewage to the 
field in cultivation is by gravity. 


Crops of oats, barley and ensilage are 
rotated on the land, a force of six to 
eight men being employed in the op- 
eration of the treatment plant and of 
the farm. Gross income from the crops 
is $22,000 to $28,000 per year, yield- 
ing a net profit of $3,000 to $5,000 after 
the deduction of all expenses. Unim- 
proved land of the character farmed 
at Tucson is said to be valued at only 
$8 to $10 per acre. 

Phil T. Martin, former Federation 
director, is city manager at Tuscon. 
Sewage works operation is under the 
supervision of Merrill Biggs and John 
F. Rauscher of the city water depart- 
ment. 


Ozonation of Sewage 


Ozonation as a sewage treatment de- 
vice is to receive a trial on a plant 
scale basis in a municipal plant being 
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built (June, 1946) at Kelso, Wash. 
The installation is being made on a 
conditional basis by ‘‘Amozone of 
Oregon,’’ a corporation which has been 
actively promoting the process in the 
Northwest, where the very low prevail- 
ing power rates are most favorable to 
ozone generation at low costs. 

The Kelso installation has optimisti- 
cally been located one block from the 
main street of the town, on a lot 
adjacent to an apartment building. 
The plant units, comprising a com- 
minutor, ozone generation equipment, 
facilities for applying ozone and cop- 
peras, flocculation channels and hop- 
per-bottom sedimentation tanks, are 
completely housed. Ozone is to be 
applied to the sewage for disinfection 
after chemical precipitation and set- 
tling and it is intended to oxidize the 
sludge produced by ozonation, to the 
end that it may be re-used as a coagu- 
lant. 

Feeling that the Amozone Process is 
being exploited without adequate pre- 
liminary development and to offset 
promotional interference in cities that 
have already begun to plan conven- 
tional sewage treatment works, the 
Pacific Northwest Sewage Works Assn. 
has distributed the report of a special 
committee to the officials of all incor- 
porated municipalities in Washington, 
Oregon and Idaho. This report con- 
eludes with the recommendation ‘‘to 
discourage cities from entertaining 
proposals which claim ozonation as the 
principal means of sewage treatment 
and, particularly, to advise officials 
against the making of any contract for 
a system of sewage treatment and dis- 
posal which is not accepted by State 
health officers on the basis of adequate 
design and as being of a type which 
experience has shown to be reasonable 
in cost and successful operation.”’ 

While there is considerable pub- 
lished material on ozonation for the 
disinfection of water, there is little 
to be found on the application of ozone 
for the treatment of sewage. The only 
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authoritative reference as yet located 
by the writer is a paper by Prof. Frank 
R. Theroux, as published in Bulletin 
74 (1936) of the Michigan Experiment 
Station. This work was done on a 
small pilot plant scale and the results 
were sufficiently interesting to justify 
the author’s recommendation that 
more complete research on a larger 
scale be undertaken. Other laboratory 
research has been conducted in Penn- 
sylvania and results of a few experi- 
ments made at a New Jersey institu- 
tional plant are reported in the 
company’s literature. 

Regardless of the possible merits of 
the process, however, there is far too 
little information available to warrant 
its general exploitation for municipal 
installations at this time. The Pacifie 
Northwest Sewage Works Assn. has un- 
doubtedly rendered a notable service 
by the precautionary advice that has 
been distributed in the states it in- 
cludes. 

Operating results and cost data from 
the Kelso plant will be anticipated 
with interest. David B. Charlton, Con- 
sulting Chemist, Portland, Ore., has 
been engaged to supervise and corre- 
late the laboratory data. 


Mississippi Pollution Legislation 

{nactment by the Mississippi Legis- 
lature in the 1946 regular session of 
Senate Bill 208 has given that state a 
stream pollution control law that has 
been badly needed. The law is somewhat 
different than those operating in most 
other states in that the administrative 
authority is vested in the State Game 
and Fish Commission, which body is 
authorized to ‘‘employ a qualified en- 
gineer and such other help and expert. 
professional and technical services as 
it deems necessary to carry on the 
purposes of the act... .”’ 

Promptly upon passage of the Act, 
H. R. Covert, formerly Sanitary En- 
gineer of the Gulfport Army Air Field, 
was appointed as the Sanitary Engi- 
neer for the Fish and Game Commis- 
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sion. Rules and regulations have al- 
ready been adopted to control pollution 
by sewage and industrial wastes, with 
stream water quality criteria (based 
on conditions 1,000 ft. below the waste 
outlet) being established generally as 


follows: 


1. No visible floating solids, scum, 
oil, grease or sleek. 

2. Average pH within the limits of 
6.0 to 8.4. 

3. Maximum increase in salt con- 
centration of 1,000 p.p.m. as NaCl. 

4. Average dissolved oxygen to be 
3.0 p.p.m. or greater. No single 
sample less than 2.5 p.p.m. 

5. No poisons or other substances 
deleterious to fish or wildlife. 

6. No substances producing distinct 
foreign tastes in fish. 


An entire section of the regulations 
is devoted to the control of oil field 
wastes, which are a major problem 
in Mississippi. The commission is re- 
quired to review plans for all sewage 
and industrial waste treatment works 
and to issue permits for such plants 
to be operated. Authority to control 
operation is also given. 

DDT and Digestion 
The effect of DDT on sludge diges- 


tion, where humus sludge is handled 
from filters that have been treated for 
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fly control, is the subject of a question 
raised by Santary Engineer H. R. 
Covert of the Gulfport (Miss.) Army 
Air Field after he read the articles 
by Brothers and Carollo in the March 
issue of Tuts JouRNAL. Reference of 
the question to Mr. Brothers brought 
the following comments concerning ex- 
traneous effects on the Camp Fannin 
plant of the DDT experiments, con- 
ducted there: 


‘¢T relied on our camp sanitary engineer 
to keep me informed as to any harmful reac- 
tions during the tests and at no time could 
anything out of the ordinary be noted. After 
the work was completed, we examined the 
consolidated records for the summer and no 
variation could be noted during the periods 
covered by the tests. We had thought that 
at the time of dosing some slight action 
might occur which would not show up at the 
time but which would be revealed if studied 
in conjunction with the yearly records. No 
variation from the normal was noted in any 
part of the plant.’’ 


Activated Sludge With Fins 


Killifish are a variety of small fish that 
are able to live in either fresh or sea 
water. According to Dr. L. R. Setter, 
Principal Sanitary Chemist of the New 
York City Department of Public 


Works, killifish seem to find a par- 
ticularly favorable environment in the 
aeration and final settling tanks of the 
Modified 


Aeration Process at New 








FIGURE 1.—Activated sludge at the Jamaica sewage treatment plant, New York City. 
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York’s Jamaica plant. A few typical 
specimens are shown in Figure 1. 

Oxygen concentrations of 0.5 to 3.0 
p.p.m. in the aeration tanks, diminish- 
ing to only traces in the final settling 
tanks, appeared to be quite adequate 
for the killifish. Several bushels of the 
fish were ‘‘inactivated,’’ however, when 
the mixed liquor solids were increased 
early in 1946 to conventional activated 
sludge concentrations. 


Peoria Pioneers 


The Kraus-Longley team at the 
Greater Peoria (Ill.) Sanitary and 


Sewage Disposal District is a mighty 
hard one to beat when it comes to 
originality of ideas and ability to de- 
velop them. Identified more com- 
pletely as J. R. Longley, District En- 
gineer, and L. S. Kraus, Chemist, the 
suecessfulness of this pair is proved by 
the fact that they are handling a popu- 
lation equivalent averaging 300,000 to 
400,000 in an activated sludge plant 
designed for 200,000 population and, 
withal, producing an effluent of ex- 
eellent quality. The Corner was privi- 
leged to visit this plant last June and 
has been marveling ever since at what 
it saw. 

The procedure that has been pri- 
marily responsible for the ability of 
this plant to perform so efficiently un- 
der the extraordinary overload is the 
activated sludge conditioning process 
(using digested sludge and supernatant 
as conditioning agents), as reported by 
Kraus in the November, 1945 issue of 
Tus JourNAL. There is no doubt 
about it-—the method does control bulk- 
ing in a heavily worked activated 
sludge; it produces a high grade efflu- 
ent that could not be achieved in the 
same plant by any of the ‘‘conven- 
tional’’ procedures and it eliminates 
completely the digester supernatant 
disposal problem. 

Another improvement in this plant 
that has contributed to its ability to 
handle excessive loads is the simple 
revision of the outlet weirs at the 
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original Dorr cross-flow traction-type 
final settling tanks. Again defying 
conventional practice, the new launder 
troughs and weirs were located just 
behind the inlet baffles—with remark- 
able results. These tanks now give ex- 
cellent efficiency at 
mixed liquor basis) up to 1,800 gal. per 
sq. ft. per day. Mr. Longley has con- 
sented to develop an article on this 
work for publication in Tus Journau; 
the idea will undoubtedly find wide 
application in many of the older plants. 

The current project of this ingenious 
team is an interesting procedure for 
waste activated sludge concentration. 
in which advantage is taken of the 
heretofore vexing tendency of nitrified 
activated sludge to rise to the surface 
of settling or concentration tanks. Mr. 
Kraus describes the process as 
centration by levitation’’ and it 
yielding a concentrated sludge of about 
8 per cent solids at the time of our 
visit!) Readers of the JourRNAL may 
also look forward to the conclusions 
on this study when, in the opinion of 
Mr. Kraus, it is ‘‘ready’’ to report. 
While he has no inhibitions when it 
comes to undertaking something new 
and relatively untried, he is commend- 
ably conservative in withholding 
clusions until all findings are 
firmed by long-term data. 

The Peoria team’ has not been re- 
miss in taking advantage of work 
done elsewhere in addition to their own 
new projects. A 10-year period of 
operation of the gas engines in use for 
power generation and air compression 
has just been completed. <A cost re- 
capitulation for this period shows that 
the engines have saved about $350,000 
in purchased power during the ten 
years, after allowing for all fixed and 
operating charges. The engines paid 
for themselves in 214 years! 

And that is not all. Mr. Longley 
has somehow found the time during 
the past two years to serve the interests 
of the Illinois Association of Sanitary 
Districts, an organization of the trus- 
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FIGURE 2.—The geo-duck clam of Puget Sound. Note ruler showing size. 


tees of the 25 sanitary districts in Illi- 
nois. In this association the trustees 
have associated with them the at- 
torneys and technicians and much has 
been contributed in the past to the 
cause of sewage treatment in the state. 
After two years of limited wartime 
activity, the association was called to- 
vether by Longley (who now serves as 
Secretary) and others to the end that 
one of its most successful meetings was 
held at Peoria in June of this year. 


Geo-Ducks? 

When the Pacific Northwest Sewage 
Works Assn. met at Gearhart, Ore., 
last spring, association President C. 
\. Howard extended to us an invitation 
to go on a geo-duck expedition at the 
first opportunity. Visions of boyhood 
‘“‘snipe hunts’’ must have made our 
skepticism rather apparent, as Mr. 
Ifoward hastened to give assurance 
that the geo-duck is otherwise known 
as the Paul Bunyan clam, an inhabi- 
tant of the beaches of Puget Sound. 

Upon our return from Oregon, Mr. 
Howard was kind enough to furnish 
proof (Figure 2) that geo-ducks are 
actually hunted and that their capture 
must be a fascinating sport. If there 


must be a reason for presenting this 
item in a sewage works publication, it is 
suggested that this knowledge may be 
of value to any midwesterner who 
might encounter a geo-duck while pa- 
trolling Puget Sound on a pollution 
survey ! 


And All for a Stamped, Self- 
Addressed Envelope! 


A number of newspapers recently 
carried the following item in the syn- 
dicated column of a medical ‘‘author- 
ity.’’? The query and answer given by 
the writer of the column are captioned 
‘“The Best Fertilizer’’ 

‘“We have a vegetable garden near the city 
sewage disposal plant, and this garden was 
fertilized with sludge this spring. Will it 
endanger our health to eat vegetables from 
the garden this summer? W. R. F. 

‘¢Answer—No. In fact there is no good 
reason why the sludge from all sewage dis- 
posal plants should not be used as fertilizer— 
it is the best of all fertilizers. The natural 
fermentation process destroys any disease 
germs in the sewage.’’ 

One sewage works technician puts it 
mildly when he suggests that the good 
doctor ‘‘is covering quite a lot of ter- 
ritory.’’ Even the most enthusiastic 
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sewage works operator would not give 
such a forthright recommendation to 
the use of sludge for fertilizer—either 
in regard to its value as a plant food or 
to its freedom from disease germs. It 
would seem that a complimentary copy 
of the Federation’s new Manual of 
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Practice No. 2 might be a worthy addi- 
tion to a certain medical library. 
Note: If any of the readers of this 
column are troubled with dizzy spells, 
adenoids, eczema, trichinosis, athlete’s 
foot or Rocky Mountain spotted fever, 
please do not request our advice! 











Editorial 


INDUSTRIAL WASTES ACTIVITY IN THE 
FEDERATION 


The accelerated interest in industrial 
waste pollution problems at this time 
spotlights a responsibility that the Fed- 
eration assumes in the first objective 
stated in its Constitution, to wit: 

‘‘The objects of this Federation shall be: 
The advancement of fundamental and practi- 
eal knowledge concerning the nature, collec- 
tion, treatment and disposal of sewage and 
industrial wastes ....’’* 


Until recently, the Federation met its 
responsibility to those concerned pri- 
marily with industrial wastes problems 
only to the extent that a relatively 
small part of the JouRNAL was devoted 
to papers on industrial waste topics. 
The limited quantity of material thus 
published was due to the fact that very 
little of it was available and not to edi- 
torial discrimination. It appeared that 
industrial wastes technicians (a) were 
restricted by company policies from 
publishing results of their work, (b) 
they did not consider it worth while 
to exchange information beyond the 
limits of their own industry or (c) 
they failed to appreciate the advan- 
tages of the Federation and its Jour- 
NAL as the dispensary of information 
of common value. If the latter was a 
deterrent, it must be admitted that the 
Federation has not heretofore made a 
special effort to inform industrialists 
as to what it can offer them. This de- 
ficieney is now being rectified. 

There are a number of strong argu- 
ments favoring the Federation as the 
professional clearing house for indus- 
trial wastes knowledge. Among the 
foremost of these are: . 


1. The most practical and economi- 
eal solution to a large percentage of 
industrial waste disposal problems is 
by discharge to municipal sewage 
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treatment plants that have been 
planned and designed to handle such 
combined wastes. The Federation now 
represents the consulting engineers and 
operators who build and attend these 
plants; it therefore offers a common 
ground upon which these groups can 
meet with representatives of industry 
and reach the understanding that is 
essential to the development of joint 
solutions of their problems. 


2. The Federation is the acknowl- 
edged medium for exchange of infor- 
mation on stream standards, pollution 
survey methods and on the interpreta- 
tion of stream survey data and results. 
This material is of fundamental im- 
portance in the evaluation and solution 
of industrial waste problems. Sewage 
and most industrial wastes are similar 
in their effects upon the stream— 
should not their control be along 
parallel lines? 


3. Federal, interstate,.state and local 
stream pollution control agencies are 
universally represented in the member- 
ship of the Federation. Here is an 
opportunity for the industrial repre- 
sentative to meet with pollution con- 
trol authorities and to exchange points 
of view to mutual advantage. It is only 
through complete understanding that 
pollution control laws and regulations 
can be administered adequately, practi- 
cally and fairly. There may be some 
short-sighted representatives of in- 
dustry who will deny this claimed ad- 
vantage, feeling that industry should 
unite separately and not cooperate 
with pollution control agencies. Such 
clashing interests, however, could never 
be so constructive to a final solution as 
a combined approach to the acknowl- 
edged problem. 


1217 








1218 SEWAGE WORKS JOURNAL 


4. Many organic industrial wastes 
are amenable to treatment by conven- 
tional methods of sewage treatment. 
Sewage works technicians are special- 
ists in the stabilization of organic 
wastes and industry can benefit tre- 
mendously from their experience and 
knowledge. Likewise, industrial tech- 
nicians are constantly proving their 
resourcefulness and ingenuity, so that 
both groups will gain by their contact 
and acquaintanceship. 


About three years ago, the Board 
of Control of the Federation, realizing 
that. the activities of the organization 
were not developing with respect to its 
obligations to industrial wastes inter- 
ests, took steps to correct this situation. 
At the Sixteenth Annual Meeting a 
special Industrial Wastes Committee 
was authorized ‘‘for the purpose of de- 
veloping interest in this important field 
and to direct a program whereby the 
Federation may be of service in in- 
dustrial wastes problems.’’ 

This committee, headed by Dr. F. 
W. MohIman, immediately began to en- 
courage the submission of industrial 
wastes papers for publication in the 
JOURNAL. As a result, the quantity of 
such material increased from an aver- 
age of 65 pages per year in the period 
1936-43 to an average of 96 pages per 
year since 1943. The annual volume 
should be much greater, of course, but 
a start has been made. 

At the Nineteenth Annual Meeting 
held last October in Toronto, Dr. Mohl- 
man announced plans to enlarge his 
committee and to initiate a continuous 
series of industrial waste articles to be 
authored by the committee members. 
This program is certainly a move in 
the right direction. 

The technical programs of the Fed- 
eration meetings at Pittsburgh in 1944 
and at Toronto in 1946 each included 
an entire session devoted to industrial 
waste papers. The trend in these pro- 
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grams will be to give more and more 
time to this phase of the pollution con- 
trol problem. Eventually, it may 
prove desirable to establish an Indus- 
trial Wastes Section in the Federation 
—a development which will be ex. 
pedited by the affiliation of a sufficient 
number of industrial waste technicians 
to make the action feasible. 

The Federation’s Committee on 
Standard Methods of Sewage Analysis, 
headed by Dr. W. D. Hatfield, has also 
recognized the trend of the times, and 
has created a new Subcommittee on 
Methods of Industrial Wastes Analysis. 
Work along these lines has been sadly 
lacking, but the path toward fulfill. 
ment of the need has now been opened. 

In order for the Federation to serve 
industrial wastes interests, however, it 
is essential that industrial technicians 
make themselves available for partici- 
pation in Federation functions. They 
must take part in the programs of meet- 
ines of the Federation and its Member 
Associations ; they must contribute ma- 
terial for publication in the JouRNAL; 
they must be willing to serve on ap- 
propriate committees and otherwise to 
make themselves a part of the Federa- 
tion’s structure. 

At this writing, a prospective Mem- 
ber Association of the Federation has 
tentatively adopted the name ‘‘Vir- 
ginia Industrial Wastes and Sewage 
Works Association.’’ This is indeed a 
progressive step, in line with the fun- 
damental objectives of the Federation. 

There are many technicians in in- 
dustry who are not aware of the Fed- 
eration and its aims, and who would 
oladly take advantage of the facilities 
we offer. Let us all make it a personal 
responsibility to see that these people 
are fully informed and invited to join 
in the growing movement to abate 
pollution of streams by the provision 
of works that accomplish this end most 
effectively and economically. 


W. H. WISELY 
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Proceedings of Member Associations 





ALABAMA WATER AND SEWAGE GROUP ORGANIZES 


As the result of efforts originating 
in 1937 and interrupted by the war, 
the First Alabama Water and Sewage 
Short Course was held at Alabama 
Polytechnic Institute on May 22-25, 


1946, with a final registration of 85. 


The course was sponsored by the Uni- 
versity of Alabama, the Alabama Poly- 
technie Institute and the State Depart- 
ment of Public Health; future short 
courses will be alternated between the 
two schools; the 1947 conference has 
been scheduled to be held at the state 
university next spring. 

The registration at the Auburn con- 
ference was estimated to represent 
about 20 per cent of all water and 
sewage works operators in the state. 
A diversified program was presented, 
featuring such contributors as T. H. 
Milford, A. W. Beck and C. W. White 
of the Alabama Department of Public 
Health; Prof. Gilbert H. Dunstan of 
the University of Alabama (who served 
as co-chairman of the short course with 
Alex O. Taylor of the Alabama Poly- 
technie Institute) ; W. H. Weir, N. M. 
DeJarnette, G. R. Frith and W. L. 
Avrett of the Georgia Department of 
Health; Prof. A. P. Black of the Uni- 
versity of Florida; Malcolm Pirnie, 
Consulting Engineer, New York City; 
L. H. Enslow, Editor of Water and 
Sewage Works and others. Papers 
covering broad subjects of general in- 
terest were emphasized at this first 
short course. Future programs will be 
classified into elementary and advanced 


groups, with at least half of the lec- 
tures to be on specific operation topics. 

The short course technical program 
was concluded with a business meeting 
at which the Alabama Water and Sew- 
age Association was created. Tempor- 
ary officers were elected and commit- 
tees appointed to complete the organi- 
zation by developing a constitution and 
by-laws. The officers and committees 
were authorized to draft articles of or- 
ganization that will comply with the 
requirements of the Federation of Sew- 
age Works Associations. with the aim 
of affiliating with that international 
organization as a Member Association 
probably in 1947. 

Officers of the new association, to 
serve until the 1947 meeting, are: W. 
W. Pointer of Troy, President; W. H. 
H. Putnam of Birmingham, Vice-Presi- 
dent; Alex O. Taylor of Auburn, Sec- 
retary, and Prof. G. H. Dunstan of 
University, Treasurer. A. N. Beck of 
the State Department of Public Health 
was appointed Editor, to be assisted 
by Secretary Taylor in producing a 
periodical news bulletin for distribu- 
tion to the membership. 

The enthusiasm and interest with 
which the short course and new associ- 
ation were initiated presages a produc- 
tive and successful future for these 
activities in Alabama. Officials of the 
state educational institutions and de- 
partment of health are to be com- 
mended for their co-operative develop- 
ment of the program. 


FLORIDA SEWAGE WORKS ASSOCIATION 


Fourth Annual Meeting 
Gainesville, Florida, June 5-7, 1946 


The Fourth Annual Meeting of the 
Florida Sewage Works Association was 
held at the University of Florida 


Campus at Gainesville on June 5-7, 
1946. 
The meeting was a part of the An- 


1219 








1220 SEWAGE WORKS JOURNAL 


nual Florida Short Course in Water 
and Sewage Treatment, of which the 
FSWA is a joint sponsor with the 
Florida Section of AWWA, the Florida 
State Board of Health and the Florida 
Water and Sewage Works Operators 
Assn. The total registration for the 
course was 114. 

The principle underlying the devel- 
opment of the short course program is 
to train the operatcr to do a better 
job by instructing him in standard 
methods and giving him actual prac- 
tice in laboratory procedure. It was 
the concensus of opinion that future 
short course programs should run five 
days instead cf three, giving more 
time to operators’ examinations; more 
and longer periods devoted to labora- 
tory work; and that the program 
should include intensive study on the 
subjects to be covered in the examina- 
tions for operators’ licenses. 

Eighteen manufacturers’ representa- 
tives were present for the course, six 
of whom served as lecturers. These men 
not only made instructive contributions 
during the discussions but also acted 
as consultants to operators who had 
special operation problems. 

An interesting description of the new 
experimental pilot plant being con- 
structed by the Industrial and Engi- 
neering Experiment Station at the 
University of Florida was given by 
Prof. D. L. Emerson, and was followed 
by an inspection trip through the plant. 

Papers presented during the techni- 
cal sessions were: 
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‘‘Care and Maintenance of Electri- 
cal Equipment,’’ by W. J. Siebert. 

‘Present Trends in Sewage and 
Water Treatment,’’ by W. H. Wisely. 

‘*Operating Problems in Sewage Dis- 
posal: Multiple Treatment Units in 
Sewage Plant Design,’’ by Kenneth 
Morkert. . 

‘“Hazards in Sewage Treatment 
Plant Operation,’’ by W. H. Wisely. 

‘‘TInterest and Responsibility of the 
Water and Sewage Plant Operator in 
the Extent of Stream Pollution,’’ by 
J. G. Patterson and P. M. Teeple. 

‘*Grease Removal,’’ by L. H. Scott. 

‘Care, Maintenance and Operation 
of Sewage and Sludge Pumps,’’ by S. 
EK. Kappe. 

‘Industrial Waste and By-Products 
Recovery,’’ by R. R. MeNary. 

‘‘Progress Report on Intermittent 
Sand Filter Investigation,’’ by D. lL. 
Emerson. 

**Operation of High Rate Trickling 
Filters,’’ by Wayne Kivell. 

‘*Sludge Digestion Problems,’’ by 
C. F. Garland. 


At the annual business meeting, 
Benjamin F. Borden, Jr., Consulting 
Engineer of Smith and _ Gillespie, 
Jacksonville, was elected President of 
the Florida Sewage Works Association 
for 1946-47; Albert L. McGregor of 
Boca Raton was elected Vice-President 
and J. R. Hoy of the Wallace and 
Tiernan Co., - Jacksonville, was re- 
elected Secretary-Treasurer. 

J. R. Hoy, 


Secretary-Treasurer 


NEW JERSEY SEWAGE WORKS ASSOCIATION 


Thirty-First Annual Meeting 
Trenton, New Jersey, March 20-22, 1946 


The Thirty-first Annual Meeting of 
the New Jersey Sewage Works Associ- 
ation was held in Trenton on March 
20-22, 1946, in co-operation with the 
Bureau of Engineering and Sanitation 
of the New Jersey State Department 


of Health. A total of 330 members and 
guests attended. This was the second 
largest registration in history, being 
surpassed only by the 25th Anniversary 
meeting. Edward P. Decher, Second 
Vice-President, presided over the tech- 
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nical sessions in the absence of Presi- 
dent John H. Simmerman. 

The meeting opened on Wednesday 
with registration, inspection of exhibits 
and a smoker. 

The technical sessions on Thursday, 
March 21, ineluded the following 
pa} TS: 

‘“The Use of DDT as an Insecticide,’’ 
by Herman L. Fellton, Sanitarian, Ma- 
laria Control in War Areas, USPHS; 
Leslie West, Chief Engineer, Joint 
Meeting of Essex and Union Counties 


Sewage Treatment Plant, Elizabeth, 
N. J. and Dr. E. J. Hansen, N. J. 


Agricultural Experiment Station, De- 
partment of Entomology, New Bruns- 
wick, N. J. 

‘Proposed Short Courses for Sewage 
Treatment Plant Operators,’’ by Prof. 
H. N. Lendall, Head of Civil Engineer- 
ing at Rutgers University, New Bruns- 
wick. 

‘‘Comprehensive Planning as an Aid 
to Efficient Sewerage Projects,’’ by T. 
Ledyard Blakeman, Chief of the 
Bureau of Planning, N. J. State De- 
partment of Economie Development. 

‘“The Federal Works Agency’s Aid 
to Municipalities in Preparing Plans 
for Public Works,’’ by William D. 
Jones, Division Engineer of the Fed- 
eral Works Agency. 

‘“‘Financing of Sewerage Projects,’’ 
by Walter R. Darby, Director of Local 
Government, N. J. State Department 
of Taxation and Finance. 

“Operating Problems Encountered 
at City Island Plant,’’ by George W. 
Cameron, Superintendent of City 
Island Sewage Treatment Plant, At- 
lantie City Sewerage Company in At- 
lantic City, N. J. 

‘‘Fundamentals of Biological Oxida- 
tion Clarification,’’ by John W. Hood, 
Superintendent of the Ridgewood, 
N. J., sewage treatment plant. 

‘Operation of High Rate Filters at 
Camp Kilmer,’’ by Clyde J. Shepherd, 
Sanitary Engineer at Camp Kilmer, 
N. J. 
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A highlight of the Thursday session 
was the Testimonial to John R. Downes, 
tendered in behalf of the NJSWA by 
Francis 8. Friel, Consulting Engineer 
and Vice-President of the Federation 
of Sewage Works Associations. 


Among Mr. Downes’ professional ac- 
ecomplishments, Mr. Friel cited the fol- 
lowing: introduced the use of alum in 
sludge drying on beds; instrumental in 
the establishment of sewage research 
division at Rutgers University, intro- 
duced and patented the floating cover 
for sludge digestion, first operator to 
use sludge gas for power, first to em- 
ploy spray drying of sewage sludge. 

Mr. Downes was one of the founders 
of the NJSWA, acting as its first presi- 
dent, and from 1922 to 1945 served as 
its secretary. In recognition of his 
service to the NJSWA and to the pro- 
fession, Mr. Downes was presented with 
the Kenneth Allen Award of the Fed- 
eration, a scroll, a watch and a billfold. 

The annual dinner and entertain- 
ment, sponsored by the Water and 
Sewage Works Manufacturers Associa- 
tion, was attended by over 250 persons 
and was an outstanding success. 

The Friday technical sessions in- 
eluded the following papers: 


“The Effect of Food Wastes on 
Sewers and Sewage Treatment Proc- 
esses,’’ by Morris Cohn, Editor of Sew- 
age Works Engineering and Sanitary 
Engineer of the City of Schenectady, 
New York; Dr. Willem Rudolfs, Chief 
of the Department of Water and Sew- 
age Research of the N. J. Experiment 
Station at New Brunswick and William 
A. Bode, Columbia University, repre- 
senting the Izaak Walton League of 
America, Ine. 

‘*Experiences in Financing Sewer- 
age Projects,’’ by Henry W. Peterson, 
President of the Woodbury, N. J., 
Council and Secretary of the South 
Jersey Port Commission and Chester 
W. Paulus, Mayor of New Brunswick. 

‘‘The Procurement of Surplus Prop- 
erty for Municipal Sewerage Needs,’’ 











by M. L. Smith, Sanitarian to the Office 
of Surplus Property Utilization of the 
USPHS. 


At the annual business meeting on 
Friday the ‘‘Club Room”’ type of en- 
tertainment was discussed. The mem- 
bership voted unanimously for its dis- 
continuation at future meetings. 

Officers elected to serve during 1946— 
47 were: 


President—Louis J. Fontenelli, Rah- 
way 

First Vice-President—leslie E. West. 
Elizabeth 

Second Vice-President—John Struss, 
North Wildwood 

Secretary-Treasurer—Michael S. Ka- 
chorsky, Manville 

FSWA_  Director—P. N. 
Trenton 


Daniels, 
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Executive Committee—Frank Van Or- 
den, Bernardsville and Anthony 
Maecri, Hammonton. 


After the close of the business ses- 
sion Admiral J. K. Hoskins, Assistant 
Surgeon General of the USPHS and 
President of the Federation, presented 
Dr. Willem Rudolfs with a certificate 
of Honorary Membership in the Fed- 
eration. In making this award <Ad- 
miral Hoskins cited the outstanding 
work of Dr. Rudolfs as Chief of the 
Department of Water and Sewage Re- 
search at the New Jersey Agricultural 
Experiment Station at Rutgers Uni 
versity and for his work in the Federa- 
tion as Chairman of the Research (Com- 
mittee. 

MicHaeEnL S. Kacnorsky, 
Secretary-Treasurer 


NEW MEMBER ASSOCIATION PROPOSED AT INTER-AMERICAN 
SANITARY ENGINEERING CONFERENCE 


A long and important forward step 
in the solution of environmental health 
problems of the Western Hemisphere 
was taken during the week of June 10 
in Rio de Janeiro, Brazil. In the new 
modernistic palace of Education and 
Health, over 200 sanitary and public 
works engineers, engineering educators, 
health officers, manufacturers and other 
interested persons met in the first In- 
ter-American Regional Conference of 
Sanitary Engineering, to discuss sani- 
tation problems of the Americas and 
to make the first move in establishing a 
permanent sanitary engineering organi- 
zation in this hemisphere. The Insti- 
tute of Inter-American Affairs and the 
Pan-American Sanitary Bureau, in col- 
laboration with the National Health 
Department of Brazil, were sponsors of 
the conference while the Water and 
Sewage Works Manufacturers Assn. 
supported the meeting with financial 
aid, technical speakers and exhibits. 
Representatives from Argentina, 








Bolivia, Brazil, Chile, Paraguay, Peru, 
United States and Uruguay partici- 
pated. A second regional conference 
including the nations of northern South 
America and Central America will be 
held in Caracas in September. Early 
next year the first conference covering 
all the 21 nations is expected to be held. 

Dr. Ernesto de Souza Campos, Bra- 
zilian Minister of Education and 
Health, opened the meeting on the 
keynote of the establishment of closer 
ties of co-operation between sanitary 
engineers of the Americas thus found- 
ing a firm base for the improvement of 
environmental sanitation and_ health 
and the subsequent raising of living 
standards. 

On the same premise Dr. Abel Wol- 
man, with a paper on Sanitary Engi- 
neering as a Profession, led off the 
technical program which extended from 
Monday afternoon through Thursday. 
These sessions included presentation 
of papers on the following subjects: 
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sanitary engineering activities and 
water supply financing in each of the 
various countries represented ; chlorin- 
ation by A. E. Griffin and Gordon M. 
Fair: water laboratory control practice 
by H. W. Streeter and Alvaro Cunha 
of Brazil; various aspects of water 
supply, including design and mainte- 
nance, by Walter Dashiel of the Pan 
American Sanitary Bureau (Guate- 
mala), John L. Hummel of the [.1.A.A. 
(Brazil), Saturnino de Brito of Brazil, 
H. G. Baity of the U.S.A., Roland 
Queneau of the Pitometer Co., Altino 
Pimenta of Brazil and H. A. Whittaker 
of the U.S.A.; mosquito, insect and 
malaria control by Thomas Hart of 
the I.LA.A. (Bolivia) and Edward 
Hopkins of the Pan American Sani- 
tary Bureau (Pert) ; community sani- 
tation by E. G. Wagner of the I.1.A.A. 
(Brazil), Julio Basoalto of Chile, 
Henry H. Retter of the Pan American 
Sanitary Bureau (Perti) and Anthony 
Kranaskas of the I.I.A.A. (Uruguay) ; 
and sewage treatment by Adolfo Ace- 
vedo of Chile, Jesus Netto of Brazil 
and Carl Westphal of the Dorr Co. All 
the papers will be published in one 
bound volume which will be distributed 
to everyone registered at the confer- 
ence as well as others who are in- 
terested. 

The organization, resolutions and 
sanitary engineering education com- 
mittees gave their reports at the busi- 
ness meeting on Friday. The following 
reports of the organization and eduea- 
tion committees were adopted in full: 


Organization Committec 


The committee designated to study the need 
and possibility of forming a permanent or- 
ganization which would include all the engi- 
neers who are interested in Sanitary Engi- 
neering activities in the American hemisphere, 
recommend the formation of an Inter-Ameri- 
can Association of Sanitary Engineering, hav- 
ing for its principal object the necessity of a 
common agreement solving problems relating 
to sanitation and the establishment of general 
standards for the uniform and continuous 
protection of the people of the hemisphere. 
The committee agreed to adopt as an ob- 
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jective of the permanent Association the same 
points as were outlined in the regional con- 
ference at Rio de Janeiro, in June, 1946, 
which follow: 


1. Development of sanitary engineering. 

2. An interchange of ideas and scientific 
information concerning developments of sani- 
tary engineering in the Americas. 

3. Establishment of standards of sanita- 
tion for the Americas. 

4. Promote more rapid advancement in the 
sanitation of the several countries of America 
as a necessary basis for economic develop- 
ment. 

5. Establish good will and better under- 
standing between the engineers of the 
Americas. 


The committee also agreed to propose for 
the consideration of the engineers present at 
the conference the following points: 


1. Formation of an Inter-American Associ- 
ation of Sanitary Engineering with a Board 
of Directors composed of one representative 
from each country. Each country would also 
elect an alternate who would replace the 
Board Member in ease the regularly elected 
Board Member would not be able to attend 
the Conference. 

2. The Board of Directors would be pre- 
sided over by a President elected by its 
members. The term of the President shall 
be one year. The members of the Board of 
Directors will serve for three years. At the 
first meeting, one-third of the members of 
the Board would be elected to serve for one 
year, one-third to serve two years and one- 
third to serve three years. Subsequently each 
director would be elected to serve three 
years. 

3. At least one annual conference shall be 
held. 

4. The Board of Directors shall be assisted 
by a permanent General Secretary and a See- 
retary. The latter shall be elected by the 
members from the country in which the next 
conference is to be held and his term shall 
be one year. 

5. The Permanent General Secretary shall 
be proposed by the Director of the Pan- 
American Sanitary Bureau and must be ap- 
proved by the majority of the directors of 
the Association. The majority of Directors 
of the Association may request the Director 
of the Pan-American Sanitary Bureau that 
a new secretary be proposed for their ap- 
proval and he shall be required to comply 
with this request within 3 months. 

The Pan-American Sanitary Bureau is 
especially designated as it is an existing official 
organization of all the American Republics. 
6. The Association shall publish annually 
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the technical papers and discussions presented 
at the conferences. 

7. A committee of three engineers shall 
be designated to present these plans at the 
conference to be held in Caracas, Venezuela, 
which will take place in September, 1946, and 
the committee shall have authority to discuss 
these resolutions with the engineers who will 
attend the conference and make any changes 
or include any suggestions which may be 
indicated within the spirit of the thought 
herein expressed. 

8. The official language of the conference 
shall be Spanish, but the technical papers 
may in addition be published in Portuguese 
and English when desired. 


Sanitary Engineering Education Committee 
The Inter-American Regional Conference 
of Sanitary Engineering, meeting in Rio de 
Janeiro, Brazil, convinced that only with 
continental unity is it possible to promote 
the general welfare of the people of this 
hemisphere, and confident that the mutual 
aid of a policy of good neighborliness is the 
best instrument to guarantee the unity of the 
American nations, having in view the im- 
perative necessity of raising the general 
standard of sanitary conditions in the 
Americas, principally that which can be at- 
tained by the action of sanitary engineers 
properly trained and appropriately employed 
in various public health services, international, 
national, state and local, recommends: 


1. The inclusion in all civil engineering 
curricula in engineering schools of the Ameri- 
can nations, of required courses in sanitary 
engineering covering water supply and sewage 
disposal and embracing about 120 classes, 60 
of which would be laboratory. 

2. The inclusion in all civil engineering 
curricula of two optional courses in sanitary 
engineering, one covering water purification 
and sewage treatment and the other, general 
sanitation subjects such as food sanitation, 
malaria and rodent control, garbage disposal, 
ete. 

3. The creation of a School of Public 
Health in each nation, with additional schools 
on the basis of one to each 20 million popula- 
tion, in which will be given special courses 
of public health and sanitary engineering. 
In the conduct of these curricula it is desir- 
able that the curricula or program be offered 
jointly by schools of public health, or depart- 
ments of hygiene of medical schools, and the 
sanitary engineering departments of engineer- 
ing schools in the same locality. 

The special courses in sanitary engineering 
mentioned in the preceding paragraph should 
include the basic sciences such as chemistry, 
biology, engineering and public health, upon 
which the profession of sanitary engineering 
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is based. The graduates of these courses 
must be able to identify, evaluate and de- 
scribe in terms of their sanitary importance 
the environmental factors that promote and 
protect the public health as well as those that 
endanger it. 

4. That there be required of applicants for 
governmental positions concerned with public 
health a certificate of graduation from a 
special course in hygiene and public health. 

5. That research relative to sanitary en- 
gineering and public health be carried out in 
all public health and sanitary engineering 
schools. 

6. That there be an active interchange of 
students and professors of sanitary engineer 
ing between the nations of this hemisphere. 


Resolutions Committee 


The resolutions committee presented 25 
resolutions, 19 of which were approved. 
These concerned themselves mainly with the 
problems of planning and financing sanitary 
works, the establishment of standards and the 
dissemination of technical and general in 
formation on sanitation both to technical 
people and the public. Perhaps the most sig 
nificant resolutions were those recommending 
that the importance of environmental health 
be brought to the attention of the United 
Nations in setting up the machinery for the 
maintenance of world peace and that the 
United Nations give favorable consideration 
to the continuance of international regional 
health program and agreements. 


Brazilian Committee for a Water and Sewage 
Works Association 


A fourth committee exclusively for Brazil 
presented a petition to form a Water and 
Sewage Works Association of Brazil which 
would be attached to the Federation of Sew- 
age Works Associations and the American 
Water Works Association of the United 
States. 

The Committee appointed Edmund G. Wag- 
ner temporary secretary to open correspond- 
ence with the American organizations to as- 
certain the possibilities of this Brazilian 
group becoming a part of the U. S. organiza- 
tions. 

For the future of Sanitation in Brazil this 
is a highly important and significant result of 
the Conference. 


Plinio Penteado Whitaker, Director 
of the Water and Sewage Department 
of the City of Sao Paulo, acted as chair- 
man of the conference and each techi- 


nical session was presided over by a_ 


different chairman from each of the 
various countries represented. 
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Clarence I. Sterling, Jr. (U.S.A.) 
and Edmund G. Wagner (Brazil), both 
of the Institute of Inter-American Af- 
fairs, were co-chairmen of the program 
committee which included: Donald 
Snow, Pan-American Sanitary Bureau ; 
Mario Belisario de Carvalho, Luiz 
Romeiro, Zeferino d’Avila Silveira of 
the National Health Department, Bra- 
zil; Antonio Barreto Goncalves Fer- 
reira, Servico Especial de Satide Pub- 
liea, Brazil; Lawrence M. Fisher, U. S. 
Public Health Service; John D. Faulk- 
ner, Institute of Inter-American Af- 
fairs, Brazil. 
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All those present were. highly en- 
couraged by the large attendance and 
the enthusiastic reception given the 
idea of an Inter-American organization 
such as the one proposed. From this 
excellent beginning there is every indi- 


eation that within another year a 
permanent sanitary engineering or- 


ganization embracing the 21 American 
Republics will be established. 
Epmunp G. WAGNER, 
Acting Secretary 


Water and Sewage Works Association 
of Brazil 


NEW YORK STATE SEWAGE WORKS ASSOCIATION 


1946 Spring Meeting 
Utica, N. Y., May 24-25, 1946 


The spring meeting of the New York 
State Sewage Works Association was 
held on May 24-25, 1946, at the Hotel 
Hamilton, Utica, New York. Seventy- 
five members and guests were regis- 
tered. This was considerably below the 
expected number but it was felt that 
the railroad strike which was called at 
the time was responsible for the small 
attendance. 

At a business meeting on Friday 
morning a committee was appointed by 
President Mann to consider the estab- 
lishment of an ‘‘Arthur S. Bedell 
Memorial Award.’’ This committee, 
consisting of Morris Cohn, F. W. Gil- 
ereas and Edward J. Smith, was in- 
structed to report to the Executive 
Committee at the earliest possible date. 

The first paper in the technical ses- 
was given by Elvey <A. Mar- 
shall, sewage treatment plant operator, 
Geneva, New York, entitled ‘‘ Effect of 
Beet Cannery Wastes on the Operation 
of a Municipal Sewage Treatment 
Plant.’’ Mr. Marshall explained the 
effects of beet wastes on the Geneva 
plant and the trouble caused by excess 
amounts of grit and the high chlorine 
demand of the beet wastes which make 


sion 





effective chlorination difficult. William 
A. Ryan of Rochester prepared a dis- 
cussion of this report which was read 
by Glen Searls in Mr. Ryan’s absence. 

The second paper of the morning 
was one of unusual interest given by 
Roland W. Simpson, Sanitary Engi- 
neer of Gilbert Associates, Ine., of 
Reading, Pennsylvania, entitled ‘‘In- 
genuity—Tool of the Operator.’’ 
Slides accompanied the paper _illus- 
trating several gadgets or innovations 
designed and built by operators to aid 
plant operation. 

The annual Rating Awards were pre- 
sented by A. W. Eustance, Chairman 
of the Rating Committee, to William 
Edwards, Senior Plant Operator of the 
Gowanda State Hospital Plant at Hel- 
muth, N. Y., winner of the Annual 
Rating Contest, and to Edward J. 
Smith of Niagara Falls, winner of the 
previous Rating Contest. 

At the luncheon, following an ad- 
dress of welcome by Hon. Boyd E. 
Golder, Mayor of Utica, Bertram D. 
Tallamy, Deputy Superintendent of 
the Department of Public Works, State 
of New York, Albany, N. Y., gave an 
informative talk on ‘‘The Postwar 
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Public Works Program’’ and discussed 
the new proposed through road to be 
constructed by the Department of Pub- 
lie Works from the Jersey state line 
to Albany, thence across to Buffalo and 
ending at the Pennsylvania state line. 
Mr. Tallamy gave some interesting de- 
tails of this proposed highway, which 
is scheduled for completion within five 
years. 

The first paper of the afternoon ses- 
sion was given by F. W. Gilcreas, As- 
sistant Director of the Division of 
Laboratories and Research, Albany, en- 
titled ‘‘Inhibition of Sludge Digestion 
by Penicillin Manufacturing Wastes.’’ 
Mr. Gilereas referred to the trouble ex- 
perienced at the Ley Creek sewage 
treatment plant operated by President 
Mann, when excessive quantities of 
penicillin wastes were discharged into 
the system. 

‘‘Transmission of Disease by Sew- 
age,’’ by Robert N. Clark, District En- 
gineer, New York State Department of 
Health in Ithaca, was read by E. C. 
LaValley in Mr. Clark’s absence. The 
history of the serious typhoid epidemic 
which occurred in Ithaca early in the 
century was discussed. The cause of 
intestinal illness and their methods of 
transmittal in sewage was explained. 

In his paper on ‘‘Small Plant Op- 
eration,’’ Herbert O. Johnson, Super- 
intendent of the Belgrave Sewer 
District, Long Island, New York, ex- 
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plained some of the troubles of the 
small plant operator and pointed out 
the remedies. 

The last paper of the afternoon was 
an interesting discussion — entitled 
‘‘Chlorine,’” by Wilmer H. Koch, 
Chemist, Niagara Operations, Mathie- 
son Alkali Works, Ine., Niagara Falls. 
Mr. Koch presented some facts on the 
manufacture and handling of chlorine 
and the various precautions necessary. 

At the evening banquet, Morris Cohn 
of Schenectady gave the ‘‘Eulogy of 
Arthur S. Bedell.’’ High and just 
tribute was paid to Mr. Bedell, the 
former Secretary-Treasurer of the 
NYSSWA, who had guided the Associ- 
ation since its inception in 1929. 

Hl. V. Crawford, Engineer, General 
Electric Company of Schenectady, 
showed a sound movie entitled ‘‘ Clean 
Waters,’’ which was prepared by the 
General Electric Company with the co- 
operation of various other agencies and 
health departments. The film dealt 
with the establishment of sewage treat- 
ment to abate pollution of rivers and 
other waters. 

On Saturday morning the members 
attended a Sunrise Breakfast which 
featured a round table, ably directed 
by George E. Symons, Associate Editor 
of Water and Sewage Works, New York 
City. 

A. F. DApPERT, 
Secretary-Treasurer 


OHIO CONFERENCE ON SEWAGE TREATMENT 


Twentieth Annual Convention 
Akron, Ohio, June 20-21, 1946 


The Twentieth Annual Convention 
of the Ohio Conference on Sewage 
Treatment was held in the Mayflower 
Hotel at Akron on June 20-21, 1946, 
with 111 members and guests attend- 
ing. D. D. Heffelfinger, Engineer- 
Superintendent, Division of Water and 
Sewage Treatment, Alliance, Ohio, 
Chairman of the Conference, presided 
at the various sessions. 


An exceptionally interesting techni- 
eal program was a feature of the meet- 
ing. Papers presented on June 20 
Were : 

‘‘Reports of Operation of Sewage 
Treatment Plants in Ohio,’’ by G. A. 
Hall, Assistant Engineer of the Ohio 
Department of Health. 

‘“‘The Sewer System Can Serve a 
Dual Purpose,’’ by Morris M. Cohn, 
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Editor of Sewage Works Engineering 
and Sanitary Engineer of the City of 
Schenectady, New York, considered 
possible effects of household garbage 
orvinders on sewer systems and sewage 
treatment plants. 

‘Oils and Greases—Their Effects on 
Sewage Treatment,’’ by F. L. Rollins 
and George S. Long of the Akron sew- 
age treatment plant. 


‘‘Tmportant Considerations in Sludge . 


Divestion’’ was a correlated discus- 
sion by Harry E. Schlenz, Vice-Presi- 
dent and Sales Manager of the Pacific 
Flush Tank Company and Dr. A. M. 
Buswell, Chief of the State of Illinois 
Water Survey. 

At the annual banquet Dr. William 
L.. Davidson, Jr., of the B. F. Good- 
rich Company addressed the Confer- 
ence on the subject of ‘‘Atomie En- 
ergy. 
The Federation of Sewage Works 
Associations was represented at the 
Akron meeting by its Vice-President, 
Kraneis S. Friel of Philadelphia, who 
spoke on ‘‘Federation Activities.”’ 

The technical session on June 21 in- 
cluded the following papers : 

‘*Construetion and Operation of 
Military Sewage Treatment Plants in 
Australia,’” by Paul Beck, Chemist at 
the Rocky River, Ohio, sewage treat- 
ment plant. 
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‘‘Stream Water Quality Standards,’’ 
by F. E. DeMartini, USPHS Sanitary 
Engineer. 

‘*Status of Operator’s Certification,’’ 
by F. Dean Stewart, Assistant Chief 
Engineer of the Ohio Department of 
Health. 

‘‘Industrial Waste—What Is It?’’ 
by George E. Symons, Associate Editor 
of Water and Sewage Works in New 
York, included methods of converting 
some wastes into valuable by-products. 

‘‘Concentration of Activated 
Sludge,’’ by Don E. Bloodgood, Associ- 
ate Professor of Sanitary Engineering 
at Purdue University at West Lafa- 
yette, Indiana. 

A 30-min. sound film entitled ‘‘Con- 
erete Facts’’ was shown by the Master 
Builders Company of Cleveland. 

The General Electric Company pre- 
sented a sound and color moving pic- 
ture, ‘‘Clean Waters,’’ explaining in 
interesting fashion the existence and 
consequences of stream pollution prob- 
lems. 

The following officers were elected 
for the ensuing year: 

Chairman: L. C. Huffman, Dayton. 
Secretary-Treasurer: G. <A. Hall, 

Columbus. 

Executive Committee Chairman: D. D. 

Heffelfinger, Alliance. 

G. A. Hatt, 
Secretary-Treasurer 


PACIFIC NORTHWEST SEWAGE WORKS ASSOCIATION 


1946 Annual Meeting 
Gearhart, Oregon, May 22, 1946 


The 1946 Annual Meeting of the 
Pacifie Northwest Sewage Works <As- 
sociation was held at the Hotel Gear- 
hart, Gearhart, Oregon, on May 22, 
1946. Total registration was 100. 


The meeting was called to order by 
President C. V. Signor, who introduced 
to the organization members who had 
returned from the armed 
the new members. 


forees and 





The technical progrant commenced 
with discussions on the ‘‘Status of 
Water Pollution Control in the Pacific 
Northwest,’’ with M. S. Campbell pre- 
siding, assisted by H. C. Clare, Divi- 
sion of Public Health Engineering, 
State Department of Health at Boise, 
Idaho; Curtiss M. Everts, Jr., Director 
of the Division of Sanitary Engineer- 
ing, State Board of Health at Portland, 
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Oregon ; Jack Taylor, Director of State 
Pollution Control Commission at 
Olympia, Washington and Roy M. Har- 
ris, Chief of the Division of Public 
Health Engineering, State Department 
of Health at Seattle, Washington. 

The morning program continued 
with the following papers: 


‘‘Industrial Waste Treatment and 
Disposal Problems,’’ was discussed by 
Fred G. Nelson of the Dorr Company 
in Los Angeles. This paper dealt 
mainly with the problem of treating 
eannery wastes, which is one of the 
more pressing problems of sewage 
works operators on the Pacific Coast. 
Pretreatment of these wastes was very 
thoroughly covered, from various meth- 
ods of screening, vacuum flotation and 
sedimentation to the disposal of the 
sludge. 

**Pulp and Paper Mill Waste Treat- 
ment by High Rate Filters,’’ was the 
topic of a paper by R. G. Tyler, Pro- 
fessor of Sanitary Engineering at the 
University of Washington at Seattle. 
Professor Tyler covered the research 
work being done by his institution for 
the paper industry on the utilization 
and disposal of sulfite liquors and other 
wastes from paper mills. 

‘Reducing Hazards in Sewer Sys- 
tems and Sewage Treatment Plants,’’ 
was discussed by W. H. Wisely, Ex- 
ecutive Secretary of the Federation of 
Sewage Works Associations, Cham- 
paign, Illinois. Supplementing the 
Federation’s safety manual, Mr. Wisely 
emphasized the common minor hazards 
and referred to illustrative examples 
from his own experience as a sewage 
works superintendent. 

At the noon luncheon Mr. Wisely 
spoke on ‘‘Aims and Progress of the 
Federation,’’ citing the many accom- 
plishments of recent years and the com- 
prehensive program of service now be- 
ing carried on. 

The afternoon technical session, con- 
ducted by Wm. P. Hughes, commenced 
with ‘‘The Portland Sewage Collec- 
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tion and Treatment Project,’’ by Ben 
S. Morrow, City Engineer at Portland. 
Mr. Morrow described, with explana- 
tory maps, the various problems which 
had been overcome in developing the 
twelve miles of sewage collection and 
the treatment project at Portland. Dis- 
cussions by R. E. Koon and John W. 
Cunningham followed. 

A panel discussion covering the 
maintenance of sewage works equip- 
ment and the sale and disposal of di- 
gested sludge was led by E. A. Heiss, 
Earl M. Kelly, R. F. McLean, C. M. 
Howard, D. W. McNamara and Ken- 
neth H. Spies. 

At the annual dinner meeting, Dr. 
Paul R. Needham, Director of Fisheries 
of the State Game Commission, Port- 
land, gave an interesting talk accom- 
panied by colored pictures on the sub- 
ject ‘‘The Effect of Organic Wastes on 
Fish Life.’’ 

The Kenneth Allen Award was pre- 
sented to Wm. P. Hughes by W. H. 
Wisely. This award is made once in 
every three years, this award being the 
second to be presented to a member of 
the PNSWA for outstanding service in 
the sewage treatment field, as related 
particularly to the problems and ac 
tivities of the Association. 


At the business meeting the following 
officers were elected to serve during the 
ensuing year : 


President: C. M. Howard, Seattle, 
Wash. 

First Vice-President: H. C. Clare, 
Boise, Idaho. 

Second Vice-President: K. H. Spies, 
Portland, Ore. 

Secretary-Treasurer: Wm. P. Hughes, 
Lewiston, Idaho. 

FSWA Director: M. S. Campbell, 
Seattle, Wash. 


A special investigation committee, 
with Ray E. Koon as chairman, re- 
ported that it could not support the 
recently introduced method of treating 
sewage by ozone; that many cities have 
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been approached with a proposal to 
treat sewage by ozone and thus pro- 


duce and effluent which would not 


pollute the water into which it is dis- - 


charged. The special committee re- 
ported, however, that no important 
data to support statements of efficiency, 
either with respect to acceptable treat- 
ment and disposal of sewage or in the 
matter of cost of operation, were found. 
The committee recommended that until 
there is proof that the system is suc- 
cessful the Association advise officials 
against making any contracts for a 
system of sewage treatment which is 
not accepted by state health officers as 
being of a type which experience has 
shown to be reasonable in cost and suc- 
cessful in operation. This report was 
unanimously approved by the assembly 
and the Seeretary instructed to send a 
copy of the report to all cities of the 
northwest where consideration may be 
eiven to the treatment of sewage to 
prevent stream pollution. 

Roy M. Harris, Chairman of the Hat- 
field Award Committee, reported that 
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no operating reports had been received 
which would meet the basic require- 
ments for consideration of this award, 
and recommend the following: 


1. That interest in this award be 
stimulated during the present year so 
that suitable reports may be prepared 
for judging in 1947. 

2. That a suitable certificate be 
awarded by the Pacific Northwest Sec- 
tion for the most outstanding annual 
report prepared by a member of this 
section, provided, however, that no re- 
port be considered for judging unless 
it meets the standards prescribed by the 
Federation of Sewage Works Associa- 
tions, as published in Sewace Works 
JOURNAL (January, 1946). 

3. That the Wm. D. Hatfield Award 
Committee be authorized to design and 
have printed a suitable certificate as 
outlined in previous recommendation 
(2). 

The recommendations were approved. 

Wo. P. HuGHEs, 
Secretary-Treasurer 
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Federation of Sewage Works Associations 
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Carolina Hotel, Nov. 18-20 
Raleigh, N. C. 
San Francisco, July, 1947 


Calif. 


Deshler Wallick Hotel, 
Columbus, Ohio 


Oct. 2-3, 1947 











Federation Affairs 


I KNEW ARTHUR BEDELL 


By Morris M. CoHn 


I have had many difficult assignments in 
my time—but none has ever been more 
fraught with pitfalls than delivering a 
eulogy of a man I knew well. That is the 
trouble—I knew Arthur Bedell so well that 
I really didn’t know him. 

We seldom see the things that are part 
of us. They are so much a portion of our- 
selves that we are troubled with personal 
astigmatism. That was the way Arthur 
Bedell was. He was part of our scene, a 
part that was so natural to us that we 
never thought to think about him. We as- 
sumed that he would always be there, doing 
the things he had always done and playing 
the role he had always played. 

And then one day, he was gone and there 
was a gap in the contemporary sanitary 
engineering scene that no one but Arthur 
Bedell could fill. Now I have the task of 
saying something significant about some- 
one who little needs any significant com 
ments. 

Seneca said, “Reputation demands words 

-but renown can be content with man’s 
judgments.” There is little need for me or 
anyone to add words to Arthur Bedell’s 
renown—our judgments suffice to set him 
on a pedestal. 

[I am seldom at loss for words but I grope 
clumsily to add further proof of the worth 
of the man whom we honor tonight. Yet, 
something should be done to pay honor to 
the man who made this Association pos- 
sible, at the first meeting he missed since 
the New York State Sewage Works Asso- 
ciation was created years ago. Somehow, 
we seem like a watch without a mainspring 
today—and truly we are just that, because 
we have lost our driving force. I doubt if 
our meetings will’ever be the same without 
Arthur Bedell around to make order out 
of chaos. 

Arthur Bedell was ideally fitted by pro- 
fessional preparation and experience to 
play his role in the sewage field. He ob- 
tained and gave truly international train- 





ing and service. Ile received his B.A. 
degree from Dartmouth; his B.S. in C.E. 
from Robert College, Istanbul, Turkey; 
and his special training in public health 
from M.I.T. and Johns Hopkins. He 
taught and held administrative positions at 
his Turkey Alma Mater and served as a 
sanitary expert for the American Red 
Cross Commission in Greece after the first 
World War. He served briefly with the 
Rockefeller Foundation, to add another 
stone in his structure of international 
service. Why, he was even born in Brook 
lyn—and there has been some belief that 
Brooklyn does not belong to the United 
States. 

Few of those who were associated with 
him knew of his broad professional back 
ground. He was the Chief Engineer of 
the Utah State Health Department before 
taking up service with the N. Y. State 
Health Department where he had recently 
turned 21 years of service. 

It is the simple truth that he was the 
New York State Sewage Works Associa 
tion. He served as its Secretary-Treas 
urer from the date of its organization in 
1929 to the time of his death at which 
moment, he was working and planning for 
this spring meeting, and arranging for the 
recent sewage works school. 

He never aspired to the presidency ot 
the State Association—and presidents came 
and presidents went, and the Association 
held to its even course beeause Arthw 
3edell was behind the scene guiding the 
hands of the officers. Your speaker, as one 
of the past presidents, can attest to the 
way his steady hand came into play when 
ever the Association affairs wavered even 
momentarily. 

He could not hide his light under a 
bushel and in 1940, he was ealled to the 
Vice-Presidency of the Federation of Sew- 
age Works Associations and served as its 
President in 1941 and 1942. He did much 
in reorganizing the Federation from »# 


1230 





Vol. 


“pa 
pab 
who 
he 
era 
jud: 
plic 


t10n 


wol 


and 








Vol. 18, No. 6 


“paper” organization into its present, ca- 
pable, serviceable form. Those few of us 
who served as his “kitchen cabinet” when 
as guiding the destinies of the Fed- 
eration learned to respect him for his calm 
judgment and to love him for his sim- 


he 


plicity of approach. 

These are the facts about Arthur Bedell 
-Engineer, unselfish worker in his pro- 
fessional sphere. But what of Arthur 
Jodell the man? What can we learn of 
his character which we took as a matter-of- 
facet when he was with us? I would like to 
stress a few of his characteristics and 
plead that we emulate them for the good 
of the profession which he served until 
death. 

He walked in dignity. 
conscious of a respect for his calling, for 


Tle seemed ever 


himself as a member of his profession, 
and for his eo-professionals. I seldom 
heard him speak above a low conversa- 
tional tone; never heard a_ blasphemous 
word from his lips; never heard a deroga- 
tory remark voiced. He abhorred blatency 
and any action which would label the pro- 
fession as cheap or uncultured. Above all, 
he looked and acted the man of dignity. 

He walked in humility. He was ever 
willing to learn, to see the right of others’ 
arguments and to recognize their points of 
view. He had no exalted opinion of him- 
self which is always the stamp of those 
who have the right to have an_ exalted 
opinion of themselves. He viewed him- 
self merely as a link in the long chain of 
publie health—and he was a strong link. 

He was scientifically honest. He never 
compromised with the truth even though a 
compromise would have meant less work 
and shorter hours of labor. In facet, he 
had brought work home with him for his 
last weekend. He maintained rigid stand 
ards of perfection and technical practice. 
He left his impression on sewage treatment 
design in New York State by turning 
thumbs down on inadequate design, half- 
truths, half-assumptions. He searched for 
truth in basie engineering design and de- 
cisions. 

He was helpful to others. Few 
how helpful he was to his fellow engineers. 
He gave unstintingly of his time and his 
energies to those who needed the 


knew 


ebbing 


ability which he hid behind his humble 
mien. His helpful spirit built the Asso- 
ciation and made of every member a 
friend. 
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There are many lessons to be learned 
from the life of Arthur Bedell, in an age 
of superficialities and ostentation—lessons 
which will improve this profession and 
gain the public respect for which we seek. 

We must learn to walk in dignity. We 
should learn the “bedside manner” achieved 
by the medical profession for there is as 
much reason for a reassuring mien, a 
gracious approach and a kindly tonal in- 
flection in the field of preventive hygiene 
as there is at the bedside of the ill. The 
major ingredient of this so-called bedside 
manner is pride in, and respect for, the 
profession which the engineer represents, 
and the major ingredient of professional 
pride is the full knowledge and apprecia- 
tion of the history of the calling and of 
the men who made that history, and are 
continuing to write the public service 
which the profession performs. If we re- 
member the “greats,” including Arthur 
Bedell, who came before us and attempt 
to walk as they walked, we will attain dig- 
nity and public esteem for the sewage 
works field. 

We must learn to walk in humility. We 
must be anxious to learn because we are 
merely on the threshold of knowledge of 
the intrieate forces which can be utilized 
for the treatment, utilization and disposal 
of the wastes of life and living. We must 
recognize our own deficiencies and strive to 
correct them, and we must apply this to 
our treatment plants, in design, construc 
tion, equipping and operation. We must 
learn to strengthen our deficiencies rather 
than to cover them up. If I may put it 
enother way, we must learn to “rate” our 
plants in our minds as well as on a rating 
schedule. 

We must be scientifically honest. The 
true measure of a man’s inherent honesty 
is laboratory control. Laboratory results 
and operation records must reflect what 
the plant does rather than what we hope it 
is doing. 

We must be helpful to others. This is a 
new profession. It has gained maturity 
only because there has been a free interflow 
of ideas and knowledge from those who 
know to those who must learn. Every one 
of us has the responsibility to offer infor- 
mation which we have to others. The 
short school, the technical press, the tech- 
nical meeting and the man-to-man visit at 
a treatment plant are all opportunities for 
helpfulness which we must not overlook. 
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Every passing of a pioneer in sewage 
treatment places added responsibilities on 
those who pick up the torch and carry on. 
If we translate into practical service the 
things for which Arthur Bedell stood and 
worked, we truly honor the man who 
breathed his character and spirit into this 
Association, the Federation of Sewage 
Works Associations, and everything for 
which all sewage works associations stand. 

I would like to propose that a new 
Award be established—the Arthur S. Be- 
dell Award—to be presented yearly to that 
person who has done the most in New York 
State to dignify sewage treatment and 
stream sanitation and to gain acceptance 
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of its public health functions. By 0 
doing, we would stimulate others to live 
as he lived and to raise the status of the 
vork for which he strove. 
‘*Tf you will observe, it doesn’t take 

A man of great mold to make 

A giant shadow on the wall; 

And he who in our daily sight 

Seems but a figure slight and smal! 

Outlined in fame’s illusive light 

May stalk, a silhouette sublime 

Across the canvas of his time.’’ 


If I have succeeded in outlining the sil- 
houette of Arthur Bedell, across the can- 
vas of his time, I have fulfilled my mis- 
sion, 





19TH ANNUAL MEETING A GREAT SUCCESS 


A record breaker in every respect, 
the Nineteenth Annual Meeting of the 
Federation, held at Toronto, Can., on 
October 7-9, 1946, reflects great credit 
to the host Canadian Institute on Sew- 
age and Sanitation. Registration was 
812—exactly 200 more than the pre- 
vious record of 612 established at Chi- 
eago in 1943—and included an all-time 
high of 200 ladies. 

Dr. A. E. Berry, Secretary of the 
Canadian Institute, headed the Local 
Arrangements Committee which fune- 
tioned so efficiently and successfully in 
the planning and conduct of the con- 
ference. Each technical session and 
entertainment event proceeded with a 
smoothness and precision which _ be- 
spoke the infinite attention given ever) 
detail by the hosts. Just a few weeks 
before the meeting it appeared that 
the situation in regard to hotel accom- 
modations for the meeting was all but 
hopeless; by unstinting work and re- 
sourcefulness, the local committee sur- 
mounted this obstacle so well that all 
visitors were housed with unusual dis- 
patch and convenience. 


Early comers who were present for 
pre-registration on Sunday evening, 
October 6, were privileged to enjoy a 
pleasing choral concert by the Leslie- 
3ell Singers of Toronto. About 250 
were in attendance at this function. 

The meeting was convened at 9:00 
A.M. on Monday, October 7, by Presi- 
dent J. K. Hoskins, who spoke briefly 
on the progress made by the Federation 
during 1946. The short business ses- 
sion was concluded by the presenta- 
tion of the report of the Executive 
Secretary-Editor by W. H. Wisely. 
Details of current operations of the 
Federation and plans for the near 
future were described. 


Technical Program 

The excellent technical program ar- 
ranged for the meeting by the Publica- 
tions Committee was undoubtedly 
largely responsible for the unprece- 
dented registration. The informative 
discussions from the floor following 
each paper were proof that the topics 
were timely and well presented. A 
summary of the program follows: 


Sewage Treatment at Toronto. By WriuurAmM Srorrie. 


Discussion by AuMon L. FAtgs. 


Characteristics and Methods for Treatment of De-inking Wastes. By W. W, 


HopceE and P. F. Morean. 
Discussion by Wiuu1aM S. Wiser. 
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Industrial Alcohol Production by the Ontario Paper Company, Ltd., from 
Sulfite Waste Liquor. By H. G. JosEepH. 


Discussion by R. G. TYLER. 


Standards of Stream Sanitation. By H. W. STREETER. 


Discussion by Mitton P. ADAMs. 


The Hypochlorite Process for Treatment of Wool Scouring Wastes. By Harry 


A. FABER. 


Discussion by JosEpH L. CAMPANELLA. 


Scum Control in Digesters. By R.S. RANKIN. 


Discussion by Harry E. ScHLENZ. 


Incineration Problems. By GrorGcE J. SCHROEPFER. 


Discussion by Mark B. Owen. 


Evaluation of Methods of Heating Sludge Digestion Tanks. By Henry J. 


MILEs. 
Diseussion by WILLEM RUDOLFs. 


Present Status of Sludge Gas Utilization. 


Discussion by A. M. Bornm. 


By RicHarp H. Goutp. 


Financing Sewage Systems. By Francis S. FRIEL. 


Discussion by F. M. Veatcu. 


British Developments in Sewage Purification Practice. By Jonun Hurry. 


Discussion by F. W. Monuman. 


The Army Sewage Treatment Program. 


Discussion by Rour ELIAssen. 


As usual, the Operators’ Forum on 
the last day of the meeting was one of 
the features of the technical program. 
Led by H. S. Nicklin, President of 
the Canadian Institute, participation 
in the discussions was general and 
spontaneous. The discussion topics 
touched upon almost every phase of 
sewage works operation, and the three 
hours allotted to the session were all 
too short. 


Entertainment Events 


The attendance of 450 at the Fed- 
eration Luncheon on Monday, October 
6, set a new mark for this event. 
President Hoskins presided. Following 
the luncheon, Frank Woodbury Jones, 
registrar of the Quarter Century Op- 
erator’s Club, presented the members 
of the club, who had been seated at the 
special table. The greetings of the 
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city of Toronto were extended by H. 
EK. Mae Callum, City Controller, who 
appeared in the stead of Mayor Saun- 
ders. The feature speaker was Dr. J. 
T. Phair, Deputy Minister of Health 
of Ontario, whose topic was ‘‘ Environ- 
mental Sanitation in the Field of Pub- 
lic Health.’’ As a veteran public 
health administrator, Dr. Phair spoke 
authoritatively on the objectives of en- 
vironmental sanitation, and urged 
sanitary engineers to give greater em- 
phasis to the public relations aspects 
of their activities. The luncheon pro- 
gram was concluded by a showing of 
the moving picture ‘‘Clean Waters,’’ 
by courtesy of the General Electric 
Company. 

The Canadian. Institute Dinner on 
Monday evening drew a capacity 
attendance, with nearly 650 persons 
being present. Institute President H. 
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S. Nicklin presided. Hon. Russell T. 
Kelley, Provincial Minister of Health 
of Ontario, gave a short but scintil- 
lating address that was liberally flav- 
ored with humor. He emphasized the 
value of meetings such as this in 
strengthening the bond between the 
United States and Canada. The pro- 
eram was concluded with a variety of 
excellent entertainment which made 
the event a complete success. 

The Annual Dinner-Dance on Tues- 
day evening also attracted a capacity 
crowd of almost 650 persons. With 
President Hoskins presidifig, the din- 
ner program was devoted entirely to 
the announcement and presentation of 
Federation awards for 1945 and 1946. 
Past President A. E. Berry, Past Presi- 
dent C. A. Emerson and Dr. W. D. Hat- 
field assisted President Hoskins in pre- 
senting the awards, and the ceremony 
was both interesting and impressive. 
Entertainment during the remainder 
of the evenine was more than ade- 
quately provided by the dance and 
Club Room. 

The Club Room, an innovation at 
Federation meetings, was an_ out- 
standing success as conducted by the 
Canadian Sanitation Equipment <As- 
sociation and the WSWMA._ These 
sessions were well attended and added 
measurably to the good will and fellow- 
ship that prevailed during the confer- 
ence. 


Ladies’ Entertainment 

Nearly 200 ladies were present to 
enjoy the unusually appealing ladies’ 
entertainment program that had been 
planned by the committee headed 
by Mrs. J. B. Kinney. The Sunday 
evening choral concert, enthusiastically 
received by all, initiated the program. 
On Monday, the term ‘‘entertained 
royally’’ was made a fact when the 
ladies were taken for a tour of the 
Ontario Provincial Parliament Build- 
ings, followed by a reception and tea 
as guests of Lieutenant Governor A\l- 
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bert Mathews and Mrs. Mathews. This 
was a feature occasion. 

On Tuesday, the ladies were eiven 
a luncheon at ‘‘The Old Mill,’’ one of 
Toronto’s centers of interest. <A de- 
lightful bridge party in the afternoon 
completed the special series of events 
arranged for the ladies. 


Convention Attendance Award 

For the fifth time in succession, the 
Central States Sewage Works <Assoei- 
ation won the trophy symbolizing the 
Convention Attendance Award. A 
total of 71 CSSWA members avere- 
vated more than 32,000 man-miles of 
travel in attending the meeting, to win 
over the 18,000 man-miles travelled by 
members of the Canadian Institut: 


Board of Control Sessions 

The annual business sessions of the 
Board of Control were held on Sun- 
day, October 6, and Wednesday, (Oc 
tober 9. Complete minutes of these 
meetings will be published in the Janu 
ary, 1947 issue of Tris JOURNAL. 

The 1946 honors and awards ap 
proved by the Board and presented at 
the Federation Dinner were as fol 
lows: 


Honorary Member 
William John Orehard 
Harrison Prescott Eddy Award 
If. Heukelekian 
George Bradley Gascoigne Award 
LeRoy Winfield Van Kleeck 
Charles Alvin Emerson Award 
F. Wellington Gilereas 
Kenneth Allen Awards 
George Martin (CSSWA) 
Frank E. DeMartini (FSRA) 
Theodore R. Lovell (ISWA) 
Thomas J. Doyle (MSWA) 
John R. Downes (NJSWA) 
Harold Benedict Gotaas (NCSWA 
William P. Hughes (PNSWA) 
E. J. M. Bere (TSWS) 
John Henry Garner (ISP) 
William D. Hatfield Award 
Walter M. Kunsch. 
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At the October 6 session of the Board 
the following officers were elected : 


Francis 8. Friel, President 
George S. Russell, Vice-President 
W. W. DeBerard, Treasurer 
\. F. Dappert, Director-at-Large. 


San Francisco was confirmed as the 
site of the Twentieth Annual Meeting 
in July, 1947 and invitations for fu- 
ture meeting places were received from 
Denver, Detroit, Toledo and Boston. 


Canadian Business Luncheon 

On Tuesday, the Canadian Institute 
condueted its annual business meeting 
at the King Edward Hotel, with 165 
members in attendance. Officers of the 
Federation were guests at this function 
and each of them spoke briefly. Offi- 
cers eleeted by the Institute for the 
year 1946-47 were: President—Nicol 
MacNicol; Vice-President—G. H. Rich- 
ards; Trustees—F. G. Browne and I. 
G. MeNeice. 


Manufacturers’ Exhibit 

Thirty-five manufacturers partici- 
pated in the exhibit arranged by the 
Water and Sewage Works Manufac- 
turers’ Association and the Canadian 
Sanitation Equipment Association. 
Though somewhat smaller than ex- 
pected, the exhibit was nevertheless in- 
teresting and informative. 


Convention Committees 
Personnel of the various committees 
which funetioned so well in making 
the Nineteenth Annual Meeting such 
an outstanding suecess are listed here- 


t 


WITtil: 
CONVENTION MANAGEMENT COMMITTEE 
Albert E. Berry, Chairman 


W. J. Orchard 
A. T. Clark 


Stanley Shupe 
W. H. Wisely 


LOCAL ARRANGEMENTS COMMITTEE 
Albert EF. Berry, Chairman 


G. A. H. Burn H. S. Nicklin 

J. A. Daly T. M. Parr 

\. R. Fraser George Phelps 
George Gass G. G. Powell 
N. J. Howard W. B. Redfern 
J. B. Kinney J. P. Russell 


R. H. Shook 
William Storrie 
Cc. H. Taylor 


Nicol MacNicol 
George Morgan 
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PROGRAM COMMITTEE 
(Federation Publications Committee) 
F. Wellington Gilcreas, Chairman 


Cc. C. Larson 

F. W. Mohliman 

F. M. Veatch 
W. H. Wisely 


Rolf Eliassen 
Francis S. Friel 
Carl C. Green 


PUBLICITY AND ATTENDANCE 
COMMITTEE 


Linn H. Enslow, Chairman 
A. Prescott Folwell 


W. S. Foster 
J. P. Russell 


E. J. Cleary 
Morris M. Cohn 
J. A. Daly 


HOTEL ARRANGEMENTS COMMITTEE 
Nicol MacNicol, Chairman 

W. L. McFaul 

George Phelps 

Redfern 


Nua: 
jo ae Ae 


Howard 
Lamson 
W. B. 


REGISTRATION COMMITTEE 


G. A. H. Burn, Chairman 
George Gass 7. M. Parr 
T. M. S. Kingston W. H. Riehl 


H. G. Tyler 


LOCAL HOST COMMITTEE 
H. S. Nicklin, Chairman 
A. R. Fraser 


G. G. Powell 
Stanley Shupe 


J. A. Daly 
R. J. Desmarais 


‘ 


?. H. Ferguson 


FINANCE COMMITTEE 
J. B. Kinney, Chairman 
Miller G. H. Richards 


Parsons R. H. Shook 
William Storrie 


W, ©. 
ae: 


ENTERTAINMENT COMMITTEE 
George Morgan, Chairman 
R. J. Desmarais 


David Jack 
J. P. Russell 


Cc. G. R. Armstrong 
A. M. Bilbrough 


CLUB ROOM COMMITTEE 
Cc. H. Taylor, Chairman 
J. B. Kinney 


George Morgan 
T. M. Pare 


George Gass 
N. J. Howard 


LADIES’ &/TERTAINMENT COMMITTEE 
Mrs. J. B. Kinney, Chairman 
Mrs. Nicol MacNicol 


Mrs. George Morgan 
Powell 


Mrs. Albert E. Berry 

Mrs. George Gass 

Mrs. N. J. Howard Mrs. G. 
Mrs. William Storrie 


WATER AND SEWAGE WORKS MANU- 
FACTURERS’ ASSOCIATION, INC. 


Witiiem (C. Bor woo: .i.is6 6c ose ccesus President 
MBGEE TOe PASCO ac 60s sce oc tee Vice-President 
Hdgar J. Buttenheim .......ceccccsce Treasurer 
AvCear Ty” Cir iid cece hee Secretary-Manager 


CANADIAN SANITATION EQUIPMENT 


ASSOCIATION 
BO a LPT: AoC Chairman 
Gorse MGTGaN 6c osc ccc cees Secretary-Treasurer 
CRAP, OY 5 Sie k0.ossiccws 6s elt eae . Auditor 


J. B. Kinney 
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4501 Center Avenue, Pittsburgh 13, Pa. 


Sedimentation and the Design of Settling 
Tanks. By Tuomas R. Camp. Proc. 
Am. Soc. of Civil Eng., 71, 455-486 
(April, 1945). 

This paper is beyond the scope of an 
abstract because of the mathematical treat- 
ment presented and because of the nu 
merous graphs and drawings so necessary 
for illustrating the author’s development 
of the paper. As stated in the synopsis the 
purpose of the paper is, “to collect the 
known principles of sedimentation essen- 
tial to the development of design theory, 
and to present the theory of design de- 
veloped to a stage which will permit its 
use in practice.” 

The paper is divided into ten topics, 
designated as follows: (1) Settling Ve- 
locities of Individual Particles, (2) Na- 
ture of Settling Processes in Water and 
Sewage Treatment, (3) Settling Analyses 
of Suspensions, (4) Clarification Theory 
for an Ideal Basin, (5) Tractive Foree and 
Bed-Load Movement, (6) Effects of Tur- 
bulence on Sedimentation, (7) Floceulent 
Suspensions, (8) Overflow Rate, Deten- 
tion Period, Velocity, and Tank Dimen- 
sions, (9) Short-Cireuiting and Stability, 
and (10) Conclusions. Examples of the 
use of theory are presented. 


DISCUSSIONS 


Proc. Am. Soc. Civil Eng., 71, 1148-50, 
1379-86 (April, 1945); 72, 249-250, 
413-18. 

By Norval E. Anderson, 71, pp. 1148- 
49. Mr. Camp’s mathematical presenta- 
tion should prove useful in settling tank 
studies. It appears, however, that the 
conclusions for primary settling and par- 


ticularly final settling tanks for the acti 
vated sludge process may be questioned on 
the basis of operating data results of 
plant-size experiments. 

It is stated that density currents would 
he less with shallow tanks. Numerous 
tests on the 126 ft. diameter tanks at the 
Southwest Works of the Sanitary District 
of Chicago indicated that the density cur 
rent velocities were approximately in in 
verse ratio to the flow depth. In these 
tests the effects of different depths of tank 
were obtained by using various depths of 


sludge blanket. Tests in rectangular 


settling tanks at Columbus, Ohio, and at 
Wards Island, New York, showed rela 
tively higher velocities of density currents. 
In these tanks the ratio of length to depth 
is relatively large. 

The loeation of the sludge drawotif at 
the effluent end of the tank may be ques 
tioned. Mr. Camp states that drawing 
sludge from the inlet end results in a mix- 
ture of fresh sludge short-cireuited from 
the density current and stale sludge scraped 
from the effluent end, and that short-cir- 
cuiting may be avoided if the drawoff is 
located at the effluent end. This short- 
circuiting should not be avoided since the 
drawing of fresh sludge for return to the 
aeration tanks is to be desired. If the 
drawoff is located at the effluent end the 
length of time the denser sludge remains in 
the tank is governed for the most part by 
the speed of the serapers. This results in 
greater average age of the sludge than 
would be obtained in tanks with the draw- 
off at the inlet end. 

Elimination of connecting conduits be- 
tween aeration tanks and final settling 


tanks, suggested for the purpose of avoid- 


* It will be appreciated if Miss Swope is furnished all periodicals, bulletins, special reports, 
ete., which might be suitable for abstracting in THIS JouRNAL. Publications of public health 
departments, stream pollution control agencies, research organizations and educational institu 


tions are particularly desired. 
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ing high inlet velocities and destruction 
floc, has not been found desirable in studies 
made by the Sanitary District of Chicago. 
In large plants an uneconomical layout 
and a saerifice of flexibility results. It 
might be practical in a small plant. Tests 
made at three activated sludge plants of 
the Sanitary District indicated practically 
no change in the settling characteristics of 
the aeration tank effluent after a fall over 
a weir and flow through a Venturi meter 
and a length of conduit and aerated 


channel. 


By R. A. Mulholland, 71, pp. 1149-50. 
It appears that in some cases consulting 
engineers do not go thoroughly into the 
theory of sedimentation when designing 
settling tanks. This has been particularly 
true in the design of sewage treatment 
plants and has resulted in inadequate 


settling. 

In recent years several plants have been 
built without connecting conduits between 
the aeration and settling tanks. Most of 
the Hay’s process plants have been so ar- 
ranged in current years. 


By P. Charles Stein, 71, pp. 1379-83. Mr. 
Camp's paper develops the more important 
parts of the problem of sedimentation, and 
design principles are formulated. It 
should bring out the facet that depth di- 
vided by settling time, not depth or time 
ilone, is the important factor in removal 
of suspended matter. 

The paper exposes the neglect with 
which investigators have treated the 
mechanism of flocculation and its relation- 
ship to the settling problem. It may be 
shown that the number of contacts between 
particles per unit volume per unit of time 
is proportional to the volumetrie concen- 
tration and is independent of the size of 
the particles. Thus, the effect of floceula- 
tion on sedimentation should be quite im- 
portant where the volumetric concentration 
of suspended matter is high, as in sewage 
treatment processes. It appears that the 
shallow tanks indicated by the general 
settling theory are also more favorable for 
flocculation during settling. 


By Lynn Perry, 71, pp. 1384-86. Dur- 
ing the last generation thought and method 
of attack on principles of flow and fluids 
has changed radically. Design in the past 
has been based largely on empirical meth- 
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ods; it now remains for the development 
of fluid analysis based on rational funda- 
mentals. 

Radial flow sedimentation tanks have 
several faults, among them being the 
tendency toward unequal flow in different 
quadrants. Examination of results of 
tests on the Chicago Southwest tanks seems 
to indicate that deep tanks are unneces- 
sary. It may be that some tanks have 
been built deeper than necessary, perhaps 
in an effort to save space. Or it may be 
that undue weight has been given to the 
theoretical period of detention. 

The practice of drawing sludge from the 
effluent end of a tank is not desirable. 
Sludge should be drawn as far from the 
effluent weir as possible as this arrange- 
ment provides for resedimentation. 

’ 

By E. Sherman Chase, 72, 249-50. The 
characteristics of solids to be removed by 
sedimentation in sewage treatment proc- 
esses are so varied that no formula would 
have general application. Effluents from 
the same type of secondary treatment con- 
tain solids that will vary from plant to 
plant and time to time. 

The importance of overflow rates rather 
than detention periods has been realized by 
designers for many years. Shallow sew- 
age polluted streams demonstrate the ef- 
feetiveness of low depths in clarification. 
The tray clarifier was developed some time 
past but its practicability has not been 
demonstrated. 

The design of tanks will continue to be 
based on judgment and experience, along 
with necessary theoretical computations. 
Mathematical ability of a high order is 
necessary in using elusive theoretical 
formulas and not all designers are so 
fortunate to possess this facility. 


By Rolf Eliassen, 72, pp. 413-18. Mr. 
Camp states that “the settling characteris- 
ties of the suspensions to be clarified are 
rarely considered in the design of settling 
tanks.” These settling characteristics may 
be defined, on the basis of his experimental 
work, in terms of overflow rates of from 
200 to 2,000 gal. per sq. ft. per day. A 
random selection of 13 sewage treatment 
plants throughout the United States show 
design overflow rates well within these 
limits. The figures range from 545 to 
1,868 gal. per sq. ft. per day. This would 
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indicate that settling characteristics have 
been considered. It appears that the 
major difference between practice and Mr. 
Camp’s conclusions is in detention times. 
Present design is based on periods of from 
one to four hours with tank depths vary- 
ing from 5 to 15 feet. Mr. Camp “places 
particular emphasis on the need for tanks 
with short detention periods, shallow 
depths, and relatively high velocities of the 
liquids flowing through the tanks.” 

Tests have shown that greater short-cir- 
cuiting is found in circular settling tanks 
than rectangular units, though the average 
effect on efficiency appears small. Choice 
between the two types appear to depend 
on the preference of the designer and 
economy of plant design. 

The design of a tray settling tank is 
presented which would utilize shallow 
depths and high velocities. Such tanks 
have been available in the sewage treat- 
ment field but only a few installations 
have been made. 

T. L. Herrick 


Dewatering, Incineration, and Use of Sew- 
age Sludge. A Symposium.* Proc. Am. 
Soc. Civil Eng., 69, 71 (Jan. 1943). 
DISCUSSIONS 
By C. R. Velzy, 71, 77-78 (1945). The 
papers and discussions of this symposium 
indicate improvements and economies to be 
attained and point to possible improve- 
ments. At some plants it has been possible 
to sell sludge for use as a fertilizer. Im- 
provements in sludge disposal processes 
have reduction in costs as the end in view. 
Need for highly trained supervisory per- 
sonnel and skilled operators is obvious. 
Such personnel is needed for efficient oper- 
ation and for research and development. 
In new designs selection of type of 
sludge disposal must be based on analysis 
and economical considerations. Disposal 
of sludge at sea at some cities is still the 
most economical method. Sand drying 
beds are most economical for small plants. 


By Grorce J. ScHROEPFER. Proc. Am. 

Soc. Civ. Eng., 71, 78-84 (1945). 

Many of the problems of sludge disposal 
are presented in the papers of this Sym- 


* Note: The original paper was abstracted 
in SEWAGE WorkKsS JOURNAL, 17, 188-191 
(Jan., 1945). 
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posium and in the discussions. Mr. Genter 
presented valuable information on sludge 
disposal, but bases comparisons on a per 
capita basis. This does not appear sound 
as a comparison of costs and efficiencies 
cn that basis penalizes a plant with a 
treatment process more effective than 
another or which by chance receives a 
stronger sewage. 

On-a per capita basis it may be shown 
that the sludge disposal costs at Minneapo- 
lis-St. Paul were 9.64 cents per year per 
capita, compared to 5.60 cents average for 
six plants employing elutriation. The 
order is reversed when the tonnage of sol 
ids removed is used as basis. On this 
basis the costs per dry ton of solids fil- 
tered are $2.23 and $2.60, respectively. 
On the basis of solids actually filtered the 
figures per dry ton are $2.23 and $7.78. 

As regards the use of sludge as fertilizer 
it is to be remembered that raw sludge has 
objectionable characteristics, including a 
possible health hazard. The policy at the 
Minneapolis-St. Paul plant has been to 
allow farmers to haul sludge cake only 
during the early winter months from Oc- 
tober to January. The use of fresh filter 
cake is not allowed on lawns and gardens 
in the cities. The District stores the filter 
cake for a period of two years, after which 
the material is in satisfactory condition 
for use. It has been the policy to furnish 
the material without charge and the use 
has increased from 21 tons in 1939 to 
11,580 tons in 1943. 

T. L. Herrick 


Computing Coagulant Requirements in 
Sludge Conditioning.* By A. L. GenvEr. 
Proc. Am. Soc. Civil Eng., 71, 926-28. 
1289-94, 1559-60 (May, 1945). 


Discussions 

By Paul D. McNamee, pp. 926-928. Mr. 
Genter’s formula for computing coagulant 
requirements should prove useful. The 
formula showed that the Washington, 
D. C., plant used more coagulant than is 
indicated by the equation. This has been 
confirmed by laboratory work. Use of 
excess coagulant at this plant has been 
occasioned at times by clogging of the 


Note: The abstract of the original article 
appeared in SEwaGe Works Journal, 18: 
580 (May, 1946). 
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elutriated sludge line. Sludge screening 
facilities and a different type of dosing 
equipment are needed to correct the con- 
dition. 

Any fault with the equation would prob- 
ably be found in the second: part, which 
shows the ferrie chloride requirements to 
be a function of the ratio of volatile mat- 
ter to mineral matter in the sludge. The 
derivation was based on eight sewage 
sludges. Remarkable agreement is shown 
between coagulant requirements and the 
volatile-mineral matter ratio, though this 
is diffieult to explain as the determination 
of the volatile matter complicates matters. 
The organie content of a given sludge is 
probably lower than the volatile content 
due to inorganie matter being changed by 
ignition into other forms, and the loss of 
sulfur dioxide and carbon dioxide from 
sulfates and carbonates. 

The formula makes it possible to evalu- 
ate the effect of elutriation. By its use 
one can compute the savings of coagulant 
that may be realized. 


By D. L. McLean, pp. 1289-1291. Mr. 
Genter has presented an ingenious method 
of determining the coagulant requirements 
of sludge. Operating results at the treat- 
ment works of the Greater Winnipeg Sani- 
tary District indicate that the coagulant 
requirements as indicated by his formula 
are in close agreement with actual usage. 
Results for 1944 showed an actual rate of 
usage of 2.8 per cent ferric chloride. Use 
of the formula indicates 1.03 per cent 
ferric chloride for the alkalinity demand 
and 1.73 per cent for the solids demand, 
a total of 2.76. 

On a special plant test in which digested 
sludge was filtered without elutriation, 
ferric chloride in excess of 9 per cent was 
required. The computed demand was 7.2 
per cent for the liquid portion or alkalinity 
demand and 2.1 per cent for the solids 
demand, or a total of 9.3 per cent. 


By K. Franschina, pp. 1291-1294. Mr. 
Genter’s mathematical expression for de- 
termining coagulant requirements should 
prove useful. As pointed out, its use in 
plant practice presupposes reliable samp- 
ling and analytical methods, and careful 
filter operation. 

Regarding the first part of the formula, 
wherein the quantity of ferric chloride re- 
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quired to react with the water portion of 
the sludge is determined, it may be shown, 
theoretically, that the pH value of the 
conditioned sludge should be about 4 at 
the completion of the reaction with the 
bicarbonates and before any coagulant is 
available for the solids demand. With elu- 
triated digested sludge this does not ap- 
pear to be the case. At the Richmond- 
Sunset plant successful filtration is 
obtained at a pH of about 6, indicating 
that some titratable alkalinity remains. 

In the second part of the formula the 
“solids demand” is determined by an em- 
pirical coefficient and the ratio of volatile 
matter to ash. This ratio is important in 
studies of economies that may be realized 
by utilization of digestion and elutriation. 
The amount of coagulant is presumably 
determined by the organic matter content 
of the sludge solids. This probably is only 
approximated by the determination of 
volatile matter by ignition as some inor- 
ganie matter is converted to other forms. 
Furthermore, the absolute determination of 
the weight of dry solids is difficult due to 
loss of the more volatile fractions and the 
absorption of moisture during weighing. 

Data for 1941 at the Richmond-Sunset 
plant are presented in Mr. Genter’s paper. 
Weighted averages for subsequent periods, 
except for the fiseal year 1943-44, show 
close agreement between the actual dosage 
of ferric chloride and the computed dos- 
age. Likewise in those years the value of 
the constant K in the second part of the 
formula approximated 1.6, the value set 
for careful filter operation. In 1943-44 
the value of K was 2.04. This can be at- 
tributed to in part to new and inexperi- 
eneed operators. 

Figures by months for the 1944-45 fiscal 
year showed rather wide variations, though 
the yearly average dosage checks closely 
with the computed dosage. The value of 
K varied from a high of 2.18 in September 
to a low of 0.70 in December. Here again 
the high value was due in part to new 
operating personnel. The low values are 
more difficult to explain but are believed 
to be partly due to the abnormal condition 
of the single stage digestion system. 


By Walter H. Brown, pp. 1559-60. At 
the Cranston, R. I., sewage treatment works 
Buechner funnel tests were first used to 





check Mr. Genter’s formula, and it was 
found that the calculated dosage closely 
checked the actual. However, when the 
indicated dosage was used in actual prac- 
tice with elutriated sludge results were 
very poor. About 80 per cent more ferric 
chloride than indicated by the formula was 
necessary for good results. Examination 
of the chemical feed equipment disclosed 
that the apparatus was erratic. This 
equipment was discarded and a volumetric 
type feeder, designed at the plant, was in- 
stalled. Dosages approaching the theo- 
retical were obtained by use of this equip- 
ment. Further improvement was obtained 
by correcting short circuiting in the mix- 
ing tank. 
T. L. Herrick 


Concentration of Sewage Sludge. A Sym- 
posium. Proc. Am. Soc. Civil Eng., 71, 
599-600 (April, 1945). 


Discussion. By C. R. Velzy. Mr. 
Goudey indicates that raw sludge is con- 
centrated with the same percentages of 
chemicals as are needed for digested sludge 
and concluded that for concentration di- 
gestion is unnecessary. However, aside 
from concentration, digestion reduces the 
quantity of solids to be handled, eliminates 
nuisance in sludge disposal, and produces 
a combustible gas that ean be utilized. 

There is not much to be gained in the 
concentration of digested and primary 
sludges. Digested sludge ean be sufficiently 
concentrated in the digestion tank, and 
primary sludge densities can be controlled 
by the pumping schedule. 

Concentration may result in considerable 
gain when working with waste activated 
sludge. Moderate results may reduce the 
volume to be handled to one-half or even 
one-third of the original volume. Results 
at Los Angeles and New York indicate 
that better concentration can be obtained 
by thickening aeration tank effluent than 
by thickening waste sludge. 

Note: The original paper was published 
in Proc. Am. Soc. Civil Eng., 70, 1275- 
1296 (Oct., 1944). An abstract of the 
original paper appears in the SEWAGE 
Works JourNAL, 17, 188-191 (Jan., 1945). 


T. L. Herrick 
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Gas Engine Power for Sewage Treatment 
Plants. By ALLEN J. BurpDoIn. Jowr- 
nal of the Boston Society of Civil Engi- 
neers, 38, 29-52 (Jan., 1946). 

The use of gas engines has become quite 
common in large and medium sized sewage 
treatment works. Due to the use of sludge 
gas as fuel the savings that can be realized 
are important. Since the heat from the 
cooling water and the exhaust can be 
readily recovered and utilized, the effi- 
ciency of the engine installation may ex- 
ceed the 25 to 28 per cent thermal effi 
ciency based on power output only. In 
some eases the local power rates may be 
sufficiently low as to make the additional 
cost of installing an engine unattractive. 
Its installation would probably be unwar 
ranted in very small plants, where the 
power demand is small and an operator is 
not on duty at all times. 

It is possible to estimate power available 
by a consideration of the strength of the 
sewage and the per cent removal. Thus, 
with primary treatment the average power 
that can be developed will vary from 5.6 
to 29.4 brake horsepower per m.g.d. with 
100 p.p.m. and 350 p.p.m. suspended sol- 
ids in the raw sewage, respectively. These 
figures are based on 40 per cent removal 
for the weaker and 60 per cent for the 
stronger sewage. <A volatile solids con 
tent of 70 per cent is assumed, of which 
60 per cent are digested with a production 
of 16 eu. ft. of gas per pound of volatile 
matter. Gas consumption figures are 
based on 600 B.T.U. per cu. ft. and 10,000 
B.T.U. per horsepower hour. With acti 
vated sludge treatment, assuming 90 per 
cent removal for all sewage strengths the 
power figures would be 12.6 and 44.1 brake 
h.p. per m.g.d. 

With these data available it is possible 
to estimate what proportion of the power 
load ean be handled by engines. Curves 
may be constructed which show the power 
available with different strengths of sew 
age, and the power required for sewage 
pumps at various heads and pump effi 
ciencies. Curves for blowers can likewise 
be constructed which show the power re- 
quired with various rates of air consump- 
tion and tank depths. 

At plants where digested sludge is heat 
dried or burned the heat requirements are 
so great that engines are not usually con- 
sidered. With heat drying, assuming 70 
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per cent cake moisture, from 60 to 95 per 
cent of the gas produced is required as 
fuel. Incineration may be self-sustaining, 
hut with wet cake 70 to 90 per cent of the 
cas may be required as auxiliary fuel. 

In general there are two types of in- 
stallations, those at which engines are used 
to generate electricity and those where 
they are used to drive large equipment 
such as sewage pumps and_ blowers. 
Choice may depend on the type of stand-by 
power available. In New York City some 
plants have a connection with the gas util- 
ity. At other places the generators are 
tied in with the power company lines and 
during off-peak conditions may feed 
power into the company lines. In some 
instanees a diesel engine generator set may 
he found desirable as a source of stand-by 
power. 

The dual fuel engine, a recent develop- 
ment, is of importance to sanitary engi- 
It burns either gas or fuel oil, on 
the diesel eyele, and can be switched from 
one fuel to the other without shutting down 
or losing speed. 

By utilizing jacket water heat and ex- 
liaust gas heat the usable power and heat 
recovered may be raised to 75-80 per cent 
of the input. The details of heat recovery 
for heating buildings and digestion tanks 
are many. Additional cooling provisions 
for jacket water for the engines may be 
required for the warmer months. 

T. L. Herrick 


neers. 


Disposal Plant to Alleviate Boston Harbor 
Nuisance. By Karu R. Kennison. 
Civil Engineering, 16, 254-57 (June, 
1946). 

Boston Harbor receives an average of 
250 m.g.d. of raw sewage daily 
through three outlets. These are as fol- 
1. The Moon Island outlet which is 
located in about the center of the inner 
harbor. It serves the old main drainage 
system of the city of Boston. Sewage is 
discharged only on the outgoing tide. 2. 
The Deer Island outlet which discharges 
into the main channel entering the inner 
harbor, the discharge being continuous. It 
serves the North Metropolitan system. 3. 
The Nut Island outlet, serving the South 
Metropolitan system. The discharge here 
is also continuous. 


over 
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Investigations of harbor conditions have 
been conducted by the State Department 
of Public Health over the past 10 years. 
A high degree of treatment is not necessary 
because of the great dilution. Harbor 
waters have not contained less than 57 per 
cent of saturation of dissolved oxygen. 

In 1941 and 1945 there was appropri- 

uted the sum of $15,000,000 for the design 
and construction of various projects to re- 
lieve harbor conditions, among them being 
the Nut Island sewage treatment works. 
sriefly, this plant is designed to remove 
floating solids and grease, to provide 1144 
hours sedimentation preceded by 20 min- 
utes aeration, and to reduce bacteria pol- 
lution by chlorination of the effluent. Two- 
stage digestion will be provided, and 
digested sludge will be discharged through 
a, 12-in. line to an outlet across the deep 
channel opposite the Deer Island outlet of 
the North Metropolitan trunk sewer. 
Plans call for facilities for dewatering not 
over 10 per cent of the digested sludge. 

The plant is designed for a population 
of 900,000 and an average flow of 112 
m.g.d. The maximum design rate is 300 
m.g.d. Present flow is about 95 m.g.d. from 
a population of 700,000. 

Mechanically cleaned bar screens with 
114-in. clear openings will be provided 
ahead of the grit chambers. Sereenings 
will be sorted for removal of glass, metals 
and the like. Rags and similar material 
will be flushed around the grit chambers 
and returned to the sewage flow. The de- 
sign provides six mechanically cleaned grit 
channels, each 80 ft. long and 10% ft. 
wide. Grit washing and storage facilities 
will be provided. 

Three of the grit chambers are each fol- 
lowed by two comminutors, six units in all. 
Each of the other three grit chambers are 
followed by a fine sereen with ¥-in. clear 
openings. Ordinarily the three chambers 
with comminutors will be used. During 
higher flows—above 140 m.g.d.—additional 
chambers will be used, and the screenings 
from the 14-in. racks will be sluiced back to 
mix with the flow going to the comminu- 
tors. 

Four low lift pumps will be provided to 
lift the sewage for flow through the rest of 
the plant. The pre-aeration units consist 
of four channels 167 ft. long, 21 ft. wide 
and about 14% ft. deep. The detention 
period will be 20 minutes at the design rate 
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of 112 mg.d., and the air capacity will 
provide 0.1 cu. ft. per gallon at a flow of 
144 m.g.d. 

T. L. Herrick 


Practical Aspects of Sludge Treatment at 
the Yardley Works of the Birmingham 
Tame and Rea District Drainage Board. 
By Norman Saut. The Institute of Sew- 
age Purification.* 


The method of treating the sludge as re- 
quired by the encroachment of residential 
areas and war-time changes in sewage load 
and operating personnel is described. 

The sewage treatment system consists of 
mechanically cleaned sereens, detritus 
tanks, lime treatment, sedimentation, bio- 
flocculation and percolating filters. Table 
T gives the average results of sewage and 

*A Preprint. Paper presented before the 
Midland Branch held at Birmingham, April 
9, 1946. 


effuent analyses during 1945 while Table 
II shows the-character and quantity of the 
sludge removed from the sedimentation 
tanks. 

The sludges from the sedimentation 
tanks are digested in two stages and dried 
on open beds. Sludge gas is collected 
from the primary digestion tanks and used 
for heating as well as electric power gen- 
eration. The primary sludge digesters con- 
sist of 10 reinforced-concrete, rectangular, 
flat-bottomed primary tanks, each of 1,000 
cu. yd. capacity, well-insulated by earthen 
banks and fitted with floating, steel gas 
covers. The secondary digestion tanks 
consist of 5 open tanks each of 2,000 cu. 
yd. capacity. The primary tanks are 
heated by cireulation of warm sludge 
liquor through them. Two non-clogging 
centrifugal pumps for lifting raw sludge 
into the primary tanks, pumping digested 
sludge to the drying area and returning 
surplus sludge-liquor to the outfall are 
provided, The primary digesters are 61 


TABLE I.—Average Results of Analysis of Sewage and Effluents, 1945 
Results Expressed in Parts per Million 

















| Total 
Shaken Sample ed menia 
Solids | * 

(Omide Bewabe. .....:......4.%. 339 | 37 | 
Sewage,* after liming, mixed with | 

secondary liquors............ 485 | 44 
Sedimented sewage............ | 251 1. 39 
Bio-plant effluent.............. 87 | 38 
Mixed filter effluent**...........| 106 20 | 
CUPS Eo it | i 48 | 19 
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* Average analyses over a period of 3 months only. 
** Settled sample except for total suspended solids. 


TABLE II.—Sludge Removed from the Sedimentation Tanks in 12 Months 
Average Figures for 1943-4-5 








Nature of Sludge Cu. Yd. 


Volatile | Weight of Weight of | Proportion 


0 


Volume Dry Solids Matter |Dry Solids, Volatile of Dry 
/ OF. 
40 


Matter, Solids as 








PUPPMIs AOUVATOR............650 865,000 
Manually-cleaned humus......... 39,350 
Mechanically-cleaned humus...... | 760,000 
Digestion tank liquor............ | 92,030 


Sewage solids, calculated......... — 
Sedimentation tank, mixed... ....} 137,470 








= Tons % of Total 
0.14 72.8 908 662 18.0 
2.50 56.8 739 419 14.6 
0.08 66.5 456 303 9.0 
0.50 63.5 345 219 6.8 


= 66.8 2602 1737 51.6 
4.90 66.1 5050 3340 100.0 
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ft. by 31 ft. and have an effective depth of 
14% ft. with two 9 in. diameter inlet pipes 
above the floor. Digested sludge is re- 
moved from the’ bottom by a 12 in. outlet 
into the secondary tanks. 

Of the 5 secondary tanks 3 are used for 
secondary digestion. One is used as a 
settling tank for sludge liquor on the heat- 
ing eireuit and another receives surplus 
liquor as it is displaced from the primary 
tanks. These are unheated tanks and pro- 
vide for decanting the supernatant liquor 
by means of 5 pipes set at 18 in. differences 
in elevation. 

The primary digesters are heated by 
pumping 100 g.p.m. in the bottom of the 
primary tank. This is the only method of 
as no coils are provided. The 
drawn off at medium depth 
through a swan-neeked overflow with a 
weir where the supernatant may be readily 
observed. 

The heating sludge liquor is pumped 
through the heating exchanger which has 
2 in. diameter steel tubes. The tempera- 
ture of the clean water is regulated to 
180° F. thermostatically. 

Of the total sludge gas collected 42.7 per 
cent is used for heating sludge. The aver- 
age composition of the gas is 31.3 per cent 
carbon dioxide, 67.9 per cent methane and 


heating 
liquor 1s 
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is used for electric power generation. The 
power plant has three engines, one single 
cylinder and two 3 cylinder engines, capa- 
ble of developing 34, 118 and 150 brake 
horsepower. The smallest engine is said 
to have been the first engine to work on 
sludge gas in Great Britain and is now 
25 years old. The largest engine is over 
18 years old and the third engine is 8 years 
old. The plant is entirely independent, 
there being no standby electrical or gas 
connections. A dual-fuel engine, 275-330 
horsepower, is on order and will relieve 
this situation in the future. 

Secondary sedimentation sludge is mixed 
with primary sedimentation sludge prior 
to digestion. This load is imposed in ro- 
tation on the 10 primary digestion tanks. 
This method of rotation results in each 
digestion tank receiving a charge every 
four or five days. The charge is equiva- 
lent to 17 per cent of the capacity of the 
tank of which 11 per cent takes the place 
of dense sludge drawn from the bottom of 
the tank and 6 per cent displaces liquor 
which is expelled through the swan-necked 
overflow by the incoming sludge. 

During winter time the water content of 
the sludge is watched closely to conserve 
heat. The following table gives the sta- 
tistics on primary digestion tanks. 


Effect of Primary Digestion Tanks in Reducing Volume of Sludge Being 


the Average Quantities Treated in 12 Months During 1943-4-5 








| 


Nature of Sludge 








Raw ilumes. cic ons eae eh ee a 


After Primary Digestion..................- 
Liquor Displaced from Primary Tanks...... 


(.8 per cent nitrogen and it has a gross 
calorie value of 685 B.T.U. per cu. ft. 

During the years 1943-4-5 the average 
daily yield of sludge gas was 113,200 or 
0.78 eu. ft. per eapita daily. This pro- 
duction amounted to 5.52 eu. ft. of gas per 
lb. of volatile matter added or 12.75 eu. ft. 
per lb. of volatile matter destroyed in di- 
gestion. 

Of all sludge gas collected 46.7 per cent 





j j 
: |. gaz! Volatile |Wt. of Dry| Wt. of 
Galtye |Prgplds) Mater |" Solids, "| Nfatter 
| e hs Tons 
ae 137,470 4.90 66.1 5050 3340 
86,320 4.92 55.6 3188 1773 
51,150 | 0.50 | 63.5 192 122 


Sludge digestion temperatures vary from 
70° to 85° F. depending on the season. As 
no gas storage is provided gas production 
is maintained as nearly constant as possible 
and the principal job of the operating staff 
in the summer time is to prepare for the 
critical winter season ahead. 

In the secondary digestion tanks further 
destruction of the organic matter takes 
place as indicated in the following table. 
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Effect of Secondary Digestion Tanks in Reducing Volume of Sludge Being 











Nature of Sludge 


After Primary Digestion.................. 
After Secondary Digestion... Bi, Ane ; 
Liquor Decanted from Secondary Tanks..... 


| 








The calculated retention period of the 
sludge in the primary tanks is 26144 days 
while the calculated period in the secon- 
dary tanks is 25 days. 

Charts are given showing the average 
monthly as well as the yield and consump- 
tion of sludge gas. 

RautepH E. FunrRMAN 


Wartime Treatment of Sewage and Sludge 
Disposal.* By F. Oniver. The Insti- 
tute of Sewage Purification. 

The paper is prepared as an introduc- 
tion to a visit to the works arranged for 
the members attending the session with an 
emphasis on war-time changes. During 
the war the population of Harrowgate in 
creased from 44,500 to 58,000. 

At the Southern works the flow increased 
from 866,000 gal. per day in 1939 to 
1,100,000 in 1944 and the liquid sludge pro- 
dueed had increased by over 200,000 tons 
per year. At the Northern works the in- 
crease was 1,121,000 gal. per day to 
1,361,000 gal. per day. The practice of 
sludge lagooning is followed at both works. 

At the Northern sewage works war-time 
construction of a digestion tank was nec- 
essary because of acute conditions. In 
this plant sludge is pumped from the pump 
well by water-driven ram against a head 
of 80 feet. The additional tank was nec- 
essary because of the increase in sludge 
production of two to three times at this 
plant. The difficulties of constructing the 
new digestion tanks under war-time con- 
ditions are described. Since the new di- 
gester has been placed in service operating 
difficulties have been minimized. An elec- 
trie centrifugal pump will be installed so 
that either the pump or the ram can be 
used for elevating sludge to the lagoons. 


* A preprint of paper presented before the 
North-Eastern Branch, held at Leeds, on April 
27, 1946. 


the Average Quantities Treated in 12 Months During 1943-4-5 














: Zee | Volatile |Wt. of Dry| Vt-0! 
Golume | Dry Solids! Matter | Solids, | Volasil 
| G Tons Tor 
86,320 | 4.92 | 55.6 | 3188 | 1773 
45,440 | 8.53 | 51.9 | 2912 | 1518 
40,880 | 0.50 | 63.5 | 154 Q7 





The reduction in volume given by the di- 
gestion tank has greatly simplified and re- 
duced the expense of the sludge disposal 
operation. 

RaueyH E. FunRMAN 


Treatment and Disposal of Waste Waters 
Containing Chromate. By J. Grrnoiey. 
J. Society Chemical Industry (Brit 
64, 339-344 (Dee., 1945). 

Methods of treatment of waste water 
from a factory engaged in tin-plating and 
assembly of components of radiators were 
studied. Spent solutions from anodie oxi 
dation, electro-plating and cleaning metals, 
and condensed spray from exhaust vents 
of chromium plating baths should not be 
discharged into streams or sewers, but re- 
covery should be practiced. Waste wash 
waters, however, contain too small a con 
centration of chromium for reeovery and 
these can be treated before discharge. A 
sample of waste wash water from a tank 
without continuous flow after 214 days use 
had the following composition: 


pH value—3.1. 

Chromate (as Cr)—207 p.p.m. 
Sulfate (as SO.)—51 p.p.m. 
Copper—31 p.p.m. 
Zine—trace. 


The concentration of this sample was ten 
times higher than wash waters from con 
tinuous flow tanks. Accordingly for ex- 
perimental work the samples were diluted 
to a concentration of chromate equivalent 
to about 20 p.p.m. of chromium. 

Reduction of chromates was attempted 
by use of (a) serap steel and (b) ferrous 
sulfate. Waste wash water containing 
chromate was kept in stationary contact 
with steel turnings. A complete reduction 
was obtained in 1 hour at a pH value of 
3.0 or less and in 2 hours at a pH value of 
4.0. Continuous treatment with _ steel 
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turnings in two tanks in series was at- 
tempted. The total contact time was four 
hours but owing to the application of 
waste water only during a part of the day, 
some of the waste was in contact for about 
19 hours. With an initial pH value of 
1.3 to 5.2 the residual chromate after 
treatment for 4 hours was 4.3 p.p.m. With 
a pH value of 3.0-3.1 the residual chro- 
mium was 2.0 p.p.m. after a similar period. 
When the pH value of the untreated waste 
was 2.8 a trace of chromate remained un- 
reduced after 3 hours. 

In an acid solution chromate is reduced to 
trivalent condition 16 gm. of FeSO.°7H:O 
wing required to reduce 1 gm. of chro- 
nium. In the absence of sufficient acid 
some chromic hydroxide and ferric hy- 
droxide are produced. Various dosages of 
ferrous sulfate varying from 1 to 2 times 
the theoretical value were added to waste 
with a pH value of 4.1, the liquid stirred 
to dissolve the ferrous sulfate and then 
allowed to stand undisturbed up to 19 
hours. They were made alkaline with cal- 
cium hydroxide and the filtrates examined 
for chromate. Results showed that the 
theoretical dose of ferrous sulfate reduced 
the chromate to a value of 0.3 p.p.m. in 
14 hour. For complete removal of chro- 
mate in a short time twice the theoretical 
dose was required. Initial chromate con- 
centration as high as 530 p.p.m. chromium 
was effectively treated by ferrous sulfate 
additions. The advantages of reduction 
by ferrous sulfate treatment are: (a) 
comparative cheapness, (b) availability of 
ferrous sulfate, and (c) applicability of 
the method to both alkaline and _ acidie 
waste waters. 

Precipitation of chromates with soluble 
salts of silver, barium and lead under neu- 
tral or alkaline conditions is theoretically 
possible, but due to the toxicity of these 
salts and their cost, the method is not prac- 
tical. The process has to be operated by 
2 skilled worker. Experiments were made 
with witherite a natural barium carbonate. 
This salt although sparingly soluble in 
water, is more soluble than barium sulfate 
or barium carbonate. ~ 

Samples of waste water containing chro- 
mate were agitated with witherite and 
then allowed to settle. Complete precipi- 
tation of chromate when present initially 
in 20-278 p.p.m. was obtained with a large 
excess of witherite at 20° C. and with pH 
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values of wastes varying from 6.9 to 7.4. 
When stirring was interrupted a yellowish 
precipitate settled fairly rapidly but the 
supernatant liquid remained cloudy for 
about 2 days; after standing quiescent for 
four days, the supernatant was clear and 
colorless. Treatment of the supernatant 
with alum shortens the period required for 
clarification. 

Absorption methods utilizing ion ex- 
changers such as Zeo-Karb and Deminrolit 
B were tried. These materials completely 
removed the chromate but attempts to re- 
cover the chromium and regenerate the bed 
with hydrochloric acid and ammonium 
hydroxide solution were unsuccessful. 

Twenty p.p.m. of chromium in the form 
of potassium chromate and potassium di- 
chromate in distilled water was toxic to 
rainbow trout. Undiluted samples of 
waste water after treatment with scrap 
iron or ferrous sulfate followed by lime 
treatment had no effect on minnows. 
Treatment with witherite yielded a harm- 
less effluent provided the waste water is 
free from heavy metals other than chro- 
mium and appreciable concentrations of 
acids whose barium salts are soluble in 
water. Waste waters treated with ion ex- 
changers were non-toxic to minnows. 

H. HEUKELEKIAN 


Disposal of Petroleum Refinery Wastes. 
I. Industry’s Relation to the Problem. 
By W. B. Harr. Nat. Pet. News, 38, 
Sect. 2, R11-16 (January 2, 1946). 


The disposal of petroleum refinery 
wastes is a many-sided problem of rela- 
tionships and methods. These relation- 
ships and methods are discussed in a series 
of articles. 

The first article discusses the different 
effects on the receiving stream of the dis- 
charge of sewage and industrial wastes. 
Although a moderate amount of sewage 
ean be discharged to a stream without 
permanent effect on the ecology of its flora 
and fauna, some industrial wastes are de- 
cidedly toxic and are rapidly lethal to all 
forms of aquatic life. A stream may be 
heavily polluted by sewage without its con- 
dition being noted by the untrained eye, 
whereas many industrial wastes are spec- 
tacularly apparent. This contrast in ap- 
pearance has led to the idea that industrial 
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waste is the more prevalent, and that in- 
dustry is the major factor in pollution. 

The gradual growth of the stream pol- 
lution problem is traced from early days 
when the general tendency to discard 
wastes into the nearest body of water 
caused no nuisance, to the present day 
when the discharge of wastes from the 
large concentrations of persons and in- 
dustries which have developed near streams 
and lakes can no longer occur without seri- 
ous damage resulting. 

In 1924, the Federal Oil Pollution Act 
was passed; it was the first real anti-pol- 
lution law. Although aimed principally 
at vessels discharging oil it spurred the 
refinery industry to make a survey of its 
wastes through several A.P.I. committees 
which recommended the appointment of 
technical groups to devise methods for pol- 
lution prevention. 

Had waste treatment equipment been in- 
stalled at an industry before the stream 
became overloaded the installations could 
have been paid for out of income; as 
waste volumes increased, plants could have 
been extended or modified without impos- 
ing a serious expense. Now, costly com- 
plete plants will be necessary which fre- 
quently will have to be paid for in a 
relatively short time. 


II. Industry and the Authorities. By W. 
B. Harr. Nat. Pet. News, 38, Sect. 2, 
R97-102 (Feb. 6, 1946). 

This article discusses the various laws 
and the agencies that administer them. 

In practically every instance where there 
has been an abuse, such as of some natural 
convenience, laws to control or eliminate 
that abuse have been enacted. Laws for 
the control of stream pollution have been 
passed by the Federal government and by 
most of the states. 

Federal laws are administered by the 
Army Engineer, under the Federal Act of 
1899, and by the U. S. Coast Guard, under 
the Oil Pollution Act of 1924. 

The Army has divided the country into 
districts, each supervised by a_ District 
Engineer. The Coast Guard likewise sepa- 
rates the country into areas with a super- 
visor in charge of each. A refinery located 
on a stream will be responsible to both for 
oil pollution, and to the former for dis- 
charges causing shoaling, as well; neither 
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pays any attention officially to other types 
of pollution. 

Lack of knowledge of the law cannot be 
construed as part of an effort to obey 
them, nor is it helpful in relations with the 
authorities, which experience has shown to 
be of paramount importance. Co-opera- 
tion with state agents has proven to be 
beneficial. 


III. Refining Industry Has Important 
Role in Water Conservation Program. 
By W. B. Hart. Nat. Pet. News, 38, 
Sect. 2, R225-227 (March 6, 1946). 


General discussion. 


IV. Proper Classification of Wastes First 
Step in Disposal Program. By W. b 
Hart. Nat. Pet. News, 38, R292-300 
(April 3, 1946). 

Organized information on the kinds ot 
waste, and on the processes producing 
them, must be available before the refinery 
waste disposal problem ean be understoo 
The principal characteristics of these 
wastes depend largely on the processing 
methods employed, but it is better to 
classify wastes by type than by process. 
Such a classification would include uncon 
taminated cooling water, storm water, oils 
and emulsions, acid and alkaline wastes, 
oxygen consuming matter, wastes causing 
tastes and odors, toxic substances, waters 
with high dissolved solids, wastes with 
suspended solids, colored wastes, semi-solid 
and solid wastes, and minor miscellaneous 
wastes. Although considerable overlap 
ping will be found among these general 
types, the wastes should be classified ac 
cording to their major characteristic. 

Under normal conditions 85-95 per ceut 
of the water consumed in refineries is used 
for cooling, and it is discharged practically 
unchanged in quality except for increase 
in temperature. Such water should be 
discharged to a separate sewer to avoid 
contaminating it. Where water is scarce, 
and cooling towers are used, little un- 
contaminated water is wasted. There is 
no relationship, for the industry as a 
whole, between crude oil processed and 
cooling water discharged. Total waste 
water will range from 20 to 1,000 gallons 
per barrel of crude run. 

Storm water, at times, makes up a large 
part of refinery waste water and often pre- 
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sents difficult problems in surface water 
protection. Waste treatment is affected 
hy the volume and rate of run-off of storm 
water, and this factor must be evaluated 
for each refinery. 

Refinery waste treatment should be based 
on the assumption that there is no such 
thing as waste oil; that it becomes waste 
ouly through carelessness, unavoidable 
aceident, lack of foresight, or particular 
process requirement. Oil is too valuable 
to waste in any form, but experience shows 
it to be a universal waste throughout the 
refinery; it appears in all grades from 
vasoline to asphalt and fuel oil. Waste 
vil usually arises from spills or leaks, 
especially where frost penetration causes 
heaving of pipelines. When oil flows over 
the ground some evaporates, some pene- 
rates the soil, and some flows to a lower 
area. Where oil flows off refinery prop- 
erty it usually causes public relations prob- 
lens; Where it flows to the refinery drain- 
age system it must be separated before the 
waste waters can be discharged or treated 
further. 

Whenever oil and water come together 
there is danger of emulsion formation; all 
that is needed is an emulsifying agent and 
agitation, both of which are usually pres- 
ent in refining drainage systems. Where 
water-in-oil emulsions are formed, the oil 
is the continuous phase and the emulsion 
will not mix with water wastes. These 
emulsions float on the water surface and 
are usually held together by a skin-like 
structure which is often strengthened’ by 
fine particles of coke, silt, asphalt, or iron 
sulfide. When the confining septum is 
ruptured, the emulsion will generally sepa- 
rate into practically clear water and free 
oil; sueh emulsions can be broken readily 
by mechanical or chemical treatment. 
Water-in-oil emulsions occur in sewer 
flows, erude oil storage tank bottoms, lubri- 
cating oil processing, acid hydrolyzing and 
sludge decomposition units. Average 
composition of a number of these emul- 
sions was 80 per cent oil, 18 per cent water, 
1.5 per cent coke and iron sulfide. 

Oil-in-water emulsions will mix in all 
proportions with water, because water is 
the continuous phase. They have a range 
of eolor from milky white to simple opal- 
eseence, depending on the degree of di- 
lution. They are relatively stable and 
usually pass unbroken through gravity 
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separators. Where sufficiently diluted by 
surface water these emulsions finally 
break and leave a decided film of oil on 
the water surface. Oil-in-water emulsions 
originate in light oil and lubricating oil 
processing plants, in the hot wells of 
barometric condensers, where steam traps 
discharge into sewers carrying oily wastes, 
and in barrel washing plants. It has been 
concluded by many that because the oil in 
these emulsions cannot be seen, none is 
present. By analysis, however, they have 
been shown to contain up to 30,000 p.p.m. 
of oil. 


Aqueous acid wastes predominate at 
many refineries. They originate princi- 


pally in the treatment plants, acid recov- 
ery areas, alkylation units, some water 
treating plants, and in some special prod- 
uct operations. They result from wash- 
ing products which have been acid treated, 
from leakage and spills around such plants, 
and from careless storage of acid sludges. 
Sulfurie acid is the usual source of acidity, 
but at certain refineries hydrofluoric, 
hydrochlorie (from hydrolysis of alumi- 
num chloride), phosphoric (from catalyst 
pellets), sulfurous, and earbonie acids are 
important. 

Alkaline waste waters occur where alka- 
lies are used for acid neutralization, for 
removal of hydrogen sulfide, and as anti- 
corrosion agents. Alkalinity is generally 
due to sodium hydroxide, sodium carbonate, 
ammonium hydroxide, and sometimes lime. 
Alkalinity is usually not as important as 
acidity, but under certain conditions it 
may cause serious difficulty. 

Oxygen consuming wastes present diffi- 
cult problems at refineries. Probably the 
greatest source of such wastes occurs 
where hydrogen sulfide and merecaptans 
are scrubbed from crude oil, and some 
intermediate products, with caustic. This 
waste is highly toxie, colored, and a source 
of tastes and odors. Where oils high in 
sulfur are scrubbed, the waste caustic will 
contain about 0.3 per cent residual caustic 
soda, a series of oxysulfur compounds, 
phenols, mereaptans, naphthenates, and 
various other organics. This waste may 
have a 5-day B.O.D. as high as 200,000 
p-p.m. Much of the demand is chemical, 
and oxygen is taken up quickly; fortu- 
nately, these wastes oceur only in rela- 
tively small quantities. 
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A number of other refinery wastes have 
an oxygen demand, such as waste from 
gas washing units, sulfonated oils from 
acid treatment, leachings from acid sludge, 
water which separates from crude and cer- 
tain distillates, and where barrels which 
had contained animal or vegetable oils are 
washed. 

The outstanding taste and odor produc- 
ing wastes are those produced where oils 
are scrubbed with caustic. Some of these 
may have threshold values as great as 1 
part in 50,000,000 or more. The odor is 
largely due to complex sulfur and nitrogen 
compounds. Acid sludges are the next 
most important in this category. The odor 
here is due to mereaptans; it is claimed 
that 1 part of ethyl mercaptan ean be de- 
tected in 50 billion parts of odor-free 
water. Water which has been in contact 
with gasoline and certain other stocks has 
a pronounced odor, but it is dissipated 
readily by aeration. 

Among the most toxic substances in re- 
finery wastes are the mercaptans, naphthe- 
nates, complex sulfides, complex nitrogen 
compounds, certain ammonium salts, water 
separated from some crudes, and the spe- 
cial organic compounds made at some re- 
fineries. 

High concentration of dissolved mineral 
matter is also lethal to aquatic life as a 
result of osmotic effects. Caustic serub- 
bing wastes, and the waste from caustic 
washing of acid-washed products, are 
highly concentrated solutions of mineral 
matter. Some crudes arrive at the re- 
finery with considerable quantities, of brine, 
and the separated liquor may contain 
50,000 to 250,000 p.p.m. of dissolved salts, 
mainly sodium chloride. 

Refinery waste waters contain suspended 
matter, consisting of fine sand, coke, lead 
sulfide, metallic hydroxides, ete., which 
settle out when the flow velocity drops for 
any considerable time, as in a gravity sepa- 
rator. Reactions take place between the 
wastes from different processes, and form 
precipitates. Certain of these suspended 
solids are so fine that they will not settle 
over a long period. 

Colored wastes are produced in caustic 
scrubbing and acid sludge separation. 
Minor wastes come from experimental 
units, gasoline stabilizers, viscosity addi- 
tives, and a variety of special operations. 
The semi-solid and solid wastes are acid 
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sludges, spent clay, spent catalyst, tank 
hottoms and separator cleanings. 

This paper includes a comprehensive 
chart of refinery operations and the wastes 
produced by each. 


V. Properties of Surface Waters Affected 
by Refinery Wastes. By W. B. Harr. 
Nat. Pet. News, 38, R371-76 (May 1, 
1946). 

This article comprises a brief but com- 
prehensive account of the physical, chem- 
ical, and biological nature of surface 
waters. It provides a background to guide 
the refinery operator in understanding the 
possible effects of wastes upon the bodies 
of water into which they may be discharged. 
Differences between the environment in 
flowing streams (lotic) and that in stand 
ing waters (lentic) are described. The 
variety in chemical analysis of surface 
waters is discussed, and oxygenation and 
deoxygenation are treated in some detail. 
A fundamental view of hydrobiology, in- 
cluding a description of the zones of deg- 
radation, decomposition, and recovery, is 
given because of its importance to the 
treatment plant operator. There are five 
physico-chemical tables. 


VI. Waste Oils Escaping to Surface 
Waters May Cause Many Kinds of Dam 
age. By W. B. Hart. Nat. Pet. News, 
38, R467-73 (June 5, 1946). 
Uneontaminated water which passes 

through cooling coils in a refinery differs, 

when discharged, from its original state in 
several particulars. Cooling waters range 
in temperature from 85° to 115° F., and 
while some surface waters have tempera 
ture ranges in excess of this, the upper 
limit is usually below the lower limit of 
cooling water. Where cooling water is 
discharged to a large body of water its 
temperature may have only a small effect, 
but increases in temperature, if sufficiently 
great, may affect aquatic life seriously. 

Most of these forms of life can exist only 

in relatively narrow temperature ranges, 

and when the upper temperature limit is 
exceeded for only a very short time, death 
will ensue. 

Discharged cooling water may contain 
little or no dissolved oxygen because 0! 
the lower solubility of the gas at the higher 
temperature and the greater bacterial ac- 
tivity which results in rapid oxygen con- 





Sp 


W 


we 





Vol. 18, No. 6 


sumption. The effects of low dissolved 
exvgen (D.0.) may be confined to a small 
area if there is suitable dilution and mix- 
ing, but, if the dissolved oxygen does not 
rise quickly to 40-50 per cent of satura- 
tion, no aquatic life will be present in the 
mixture of cooling and surface water. 
The B.O.D. of the discharged water may 
be reduced practically to zero, due to in- 
creased bacterial activity. 

Some surface waters are so corrosive 
that the cooling water will pick up heavy 
metal ions in its passage through the coils. 
This may result in concentrations harmful 
to aquatie life. 

A heavy run-off of surface water will 
sometimes overload sewers and treatment 
plant to such an extent that they will pass 
the plant without treatment. These waters 
carry such a heterogeneous mass of sub- 
stances that their effects cannot be pre- 
dicted. Where damage occurs to the re- 
ceiving stream or lake it is difficult to 
deeide which particular waste was respon- 
sible. More important, however, is the 
extent of the damage which may result. 
A refinery may have spent thousands of 
dollars on a waste treatment plant and 
and may have brought the surface water 
back from a highly polluted state to one of 
cleanliness. Then, as a result of the es- 
cape of pollutional substances with the 
storm run-off, all aquatie life can be de 
stroyed, dissolved oxygen eliminated, and 
the further use of the water affected. It 
may take several years for the water to 
recover. 

Where oil is spilled on the ground, the 
relative degree of vaporization and pene- 
tration will depend on the oil viscosity, 
type of soil, and temperature. Even light 
oils coat and kill vegetation, and various 
plant forms caught by the penetrating oil 
are destroyed; some of these are vitally im- 
portant to soil productiveness. Oil which 
continues to penetrate the soil is lasting 
in its effects by interfering with the pene- 
tration of air and the distribution of 
water. Where a single spill has occurred 
the soil will gradually return to normal 
productiveness through the effects of rain 
and the action of soil bacteria, but several 
vears may be required for this result. 
Continued spills can prevent growth for 
ever. 

If oil is spilled on a water surface it 
spreads out rapidly and forms a thin film. 
Winds tend to break the film into patches, 
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and these accumulate dust and debris until 
they eventually gain enough density to 
sink. But where winds drive the oil into 
a shoreline indentation or other barrier, the 
film will become much thicker and it will 
resist disruption for a long time. An oil 
film 0.0000015 in. thick is barely visible; a 
film 0.00004 in. thick usually disappears in 
less than a day. Bacterial action in the 
ooze or sludge on the bottom finally oxi- 
dizes and destroys the oil which has 
settled. 

Oil does not disappear from the surface 
of water bodies before causing damage. 
Films collect on structures to form a 
sludgy layer which is not only unsightly 
but harbors bacteria which often are detri- 
mental; the sulfur compounds are con- 
verted to sulfurie acid, causing corrosion. 
Oil destroys aquatic vegetation, removing 
protection from the young of valuable fish 
which then become an easy prey for preda- 
tor forms. Oil coats the gill tissue of fish 
and eauses death by asphyxiation. Even 
thin films are destructive to surface feed- 
ing fish. Many valuable fish nest in shore- 
line shallows; oil destroys these nesting 
areas, 

A shoreline degraded by floating oil is 
unstable because the oil coats and kills the 
roots of the plants which protect the banks 
against erosion. Recreational areas are 
seriously affected. Shore birds and shell 
fisheries have been destroyed. Oils con- 
tribute tastes and odors which often carry 
through the water putrification plant. 
Crude oils contain soluble compounds 
which are toxie. 

It has been claimed that floating oil is a 
serious obstacle to gaseous interchange at 
water surfaces and undoubtedly this is 
true where oil blankets the surface of still 
water. But aeration is so much more de- 
pendent on photosynthesis and wave aec- 
tion than on quiescent surface absorption 
that this effect of oil would seem to have 
been overemphasized in the past. 

Ricwarp D. Hoax 


The Effect of Mining (Coal) Subsidence 
on Sewers and Sewage Disposal Works 
in the West Riding of Yorkshire. By 
J. H. Garner. Report to West Riding 
of Yorkshire Rivers Board, pp. 35 (De- 
cember, 1945). 

The difficulties experienced at the sewage 

works of the Barnsley Corporation as a 
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result of coal-mining subsidence during 
about 20 years created a demand for a 
survey to be made throughout the West 
Riding of Yorkshire Rivers Board Region 
of damages to sewers and sewage works 
caused by coal-mining subsidence. Copies 
of the two kinds of questionnaires, (a) ef- 
fects of mining (coal) subsidence on sew- 
ers; and (b) on sewage works are included 
in the Report. Replies are recorded from 
66 sewage works in the 26 Districts. 
Among the questions asked were the fol- 
lowing: place and size of sewers affected; 
nature and extent of damage; cost of re- 
pairs; date or period of subsidence; has 
subsidence ceased, is it likely to recur if 
other seams are worked; has any compen- 
sation for damage been received; to what 
extent has subsidence interferred with 
proper operation of the sewage works; 
and other particulars worth recording. 

Types of damages reported were: broken 
sewer lines, cracks developed in walls and 
floors of filters, settling tanks and filter 
effluent channels. Diminishing the gradi- 
ent even in some eases to reversing the 
flow, back falls, and danger of flooding 
from the river were mentioned as results 
of subsidence. Temporary  expedients 
adopted included installation of pumps, 
more frequent flushing or dragging of the 
damaged sewers, temporary by-pass lines 
or masonry construction and more perma- 
nent repairs such as relaying sewer lines. 

Cost to repair damages varied from £15 
to an estimated £22,000 where an extensive 
sewerage system had to be relaid. Other 
rather large costs reported were £2,500, 
£4,300, £5,400. Many eases of costs of 
damage reported ranged from £15 to £350. 
There were several sewage works which re- 
ported no damage and only four where any 
compensation had been received. A num- 
ber of replies stated that no separate rec- 
ord had been kept of damage due to 
subsidence. Permanent repair and _ re- 
conditioning of works and plant cannot be 
satisfactorily carried out until subsidence 
has ceased. Where the coal seam mined 
is deep (820 yards deep in one district) no 
signs of subsidence effect have developed 
to date. 

In recent times in districts where sub- 
sidence is likely to occur the engineers 
have realized, and the Ministry of Health 
have insisted upon, the necessity for adopt- 
ing special methods of construction of 
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sewers and sewage works. In general by 
vareful selection and adoption of suitable 
methods of design and construction, dam- 
age and interference with works of sewer 
age and sewage disposal can be reduced to 
a tolerable limit. 


W. W. Hope: 


Industrial Waste Problem to be Solved. 
Public Health News, N. J., 28, No. 3, 
92-93 (1946). 


The waste produced by National Lead 
Company in Sayreville, N. J., located on 
the Raritan River, contains 3,000 tons of 
dilute acid waste and appreciable amounts 
of copperas. It has been proposed to dis- 
charge these wastes into the ocean by a 
tanker. A plan has been worked out by 
Fish and Wildlife Service, Atlantic States 
Marine Fisheries Commission and _ the 
Company to discharge the wastes 14 miles 
southeast of Scotland Yard in an area of 
two square miles. Opinion of experts was 
that that hazard to commercial and sport 
fishing in this area would be insignificant. 
Dumping during the winter will be per- 
mitted at a more inshore location and at 
the surface. During the summer or in 
periods of calm a more offshore location 
will be used along with disposal beneath 
the surface. 

H. HEUKELEKIAN 


The Preparation and Nature of Town’s 
Refuse-Sewage Sludge Composts. [y 
C. Bovuup. Presented before the Insti 
tute of Sewage Purification, November 
30, 1945.* 

This paper reports the results of investi 
gations on the preparation and nature of 
composts made from refuse and liquid sew 
age sludge. 

Pulverized refuse was placed in cells 
and the surface of the refuse formed into 
a shallow lagoon. Cells used were 5 ft. by 
5 ft. by 4% ft. deep. Walls and base were 
of concrete and front was made of 2 in. 
thick boards. Sludge was then added and 
covered with some of the refuse from the 
walls of the lagoon. After the surplus 
water from the sludge was absorbed (three 


to four days time required if refuse is not 


* A preprint. 
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TABLE I.—Chemical Analysis of Some Samples of Pulverised Town’s Refuse Used 


in the Maidenhead Experiments 















































% Fresh Wt. As Per Cent Dry Matter 
ie -_| Dr Am- | Resid- Resid-| Total | Co" | Loss | 
s | Mois- a, Total aasareal Rese Total ‘ual | C/N jrected| Total | Total | Total} on | Cellu- 
| ture | “ter N N N Cc C Ratio SIN | P20s K20 | Ash | Igni- | lose 
| c Hite : Ratio tion 
-15-41 | 34.6 | 65.4 | 0.993* | 0.173 | 26.17 [6.52 | 263 | 24.0 | 0.749 | | 47.2 | 52.8 | 16.5 
)-10-41 45.9 | 54.1 | 1.032* — — |j —- | - — - |0.885 | — | 46.7 | 53.3 | 
7-23-42 | 38.0 | 62.0 | 1.181 | 0.118 | — - | 0.680 | | 60.0 | 40.0 | 
20-45 | 33.7 | 66.3 | 1.103 | 0.119 | 


Does not include ammoniacal nitrogen which was lost on drying. 


- 0.541 | 53.4 | 46.6 




















TABLE II.—Chemical Analysis of Some Sewage Sludges Used in the Maidenhead Experiment 
As Per Cent of Fresh Wt. 

Date.of ; eee eo: _| Total Ether Sol. 
I tn ; j | | C/N pH | Matter as Per 
Sampling | Total Total |Ammonia| Organic Total | Ratio | Cent Dry Wt. 

| Water | Solids | N N | Carbon P2O0s | | 
eee | | ——_—— ~— | ——_———— | -| —_ —S _ -_ 

5-21-42 94.5 | 5.5 0.204 | 0.014 | 2.24 | 0.082 11.2 | 5.9 | - 
7-28-41 94.5 5.5 0.181 | 0.019 2.14 — 11.8 | 6.6 
10-16-41 94.7 5.3 0.198 | 0.017 2.29 | 0.078 | 11.6 | 6.0 - 
6-10-45 | 93.5 | 6.5 0.265 | - - | 0.139 — 26.4 
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consolidated), the cells were emptied and aeration was 
materials thoroughly mixed and re- 
placed. 

The chemical analysis of refuse and 
sludge used are given in Tables I and II. 

Sludge was added in varying amounts, 
so as to bring the final moisture content to 
50, 60 and 68 per cent, respectively. The 
following results were noted: 


the 


Addition 

“Composts with original moisture con- 
tent of 50 and 60 per cent (fresh weight) 
had a good texture, were free from smell 
and the condition was such that they could 


he bagged (moisture content = 32 per 
cent). Compost with an initial moisture aerated composts. 


content of 68 per cent appeared “sticky” 
when sampled and smelt strongly of sludge. 
The stickiness was still noticeable after 
fourteen weeks.” position. 

“Temperatures of composts with origi- 
nal moisture contents of 50 and 60 per cent 
rose rapidly, reaching a maximum of 76° 
C. three days after mixing, whereas the 
temperature of composts with 68 per cent 
moisture did not exceed 55° C.” 

Nitrogen 
tion. 


Aeration. Aeration was accomplished 
by two methods. “Method 1 was to cover 
the base of the cells with a continuous layer 
of 3 in. land drain pipes, and method 2, 
as in 1 only using filter bed tiles, or tiles 
so placed as to form channels 2 ft. apart.” 


Both methods were satisfactory as far as_ IV. 


that the pipes 
ile for commercial purposes. 
ommended that channels about 9 in. wide 
by 6 in. deep be sunk into the concrete base 
of the cell, and covered with an iron grid 
with a 1 in. mesh. Free access to air for 
these channels should be provided. 

of Chemicals 
Addition of nitrogen as ammonium sulfate 
dissolved in the sewage sludge, so as to 
give an addition of 0.1 per cent nitrogen on 
the basis of dry weight of refuse, caused 
a rise in temperature of 3 to 4° C. in 


non-aerated composts. 
loss of dry matter the addition of nitrogen 
had no significant effect on rate of decom- 


concerned, but it is stated 
and tiles would be too frag- 
It is rec- 


to Composts. 


No effect was noted on 
As judged by total 


Addition of phosphate as mono-caleium 
phosphate added to the sewage sludge so 
as to give 0.2 per cent P.O; on the basis 
of dry weight of refuse produced a small 
positive effect on the rate of decomposition 
over a period of two weeks. 

Changes During Decomposi- 
The relative contribution by the 
refuse and sludge to the dry matter and 
nitrogen is shown in Table III. 
changes in nitrogen content of composts 
during decomposition are shown in Table 


The 
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TABLE III.—Contribution of Dry Matter and Total Nitrogen 

to Composts by the Refuse and Sludge 0 

SS == == - i 

Original Fresh Wt. Dry Wt. Nitrogen from Total Nitrogen | 

Moisture | “"Ratio Ratio = |————_—_——_———_|_ TotalN  |—_————__— a 

Per “nde Refuse/ Refuse/ Refuse Sludge ib. Per Cent Per Cent 

Fresh Weight| Sludge _— Lb. ib, | Dry Wt. | on Ignition 

50.0 3.5 82 20.37 087 | 2124 | 1.215 | 3.02 

60.0 1.5 34 19.47 2.06 | 21.53 | 1.268 | 3.12 n 

68.0 0.95 20 20.05 3.62 | 23.67 | 1.327 3.23 t] 
TABLE IV.—-Changes in the Nitrogen and experimentation were spent on this 


Content of Refuse-Sludge Composts 
During Decomposition 








Original | | As Per Cent | 
Moisture} | Dry Wt. | Total N 
Content Period of De- | >=.) pas Per 
as Per composition | Cent of 
Cent in Weeks hoe | Am- Loss on 
Fresh Total | jonia | Ignition 
Weight | N i Nn | 
50 | 1.183|0.123| 3.44 
60 5aerobic | 1.157 | 0.097) 3.40 
68 | | 1.114 | 0.139 | 3.95 
= | ee | 
50 - . | 0.960 | 0.014 3.44 
4 5 aerobic rede | as 
60 c 1: | 1.058] 0.018} 3.85 
9 anaerobic 





68 | 0.875 | 0.011 | 3.69 


As noted in Table I, fresh pulverized 
refuse contained approximately 0.11 per 
cent (dry wt. basis) ammoniacal nitrogen. 
Within two weeks after sludging, under 
aerobie conditions, the ammoniacal nitro 
gen may reach as much as 0.4 per cent dry 
weight. This ammonia is probably pro- 
duced by ammonification of proteins in the 
refuse. Nitrification tests carried out on 
sludge used showed that nitrogen immo- 
bilization took place when it was added to 
the soil. This is attributed to the high 
ether soluble fraction, which formed from 
26 to 30 per cent of the total dry matter. 
After removal of this fraction the sludge 
liberated nitrogen quite readily. 

Losses of nitrogen always occurred dur- 
ing decomposition, in some cases amount- 
ing to as much as 43 per cent of the total. 
In order to reduce these losses to a mini- 
mum the author recommends that the ini- 
tial aerobic period should not exceed two 
weeks. This should be followed by a stor- 
age period under partial anaerobie condi- 
tions for one to two months, or until tests 
indicate that the compost is mature. 

Methods for Determining the State of 
Maturity of Composts. Considerable time 


problem. Methods have been devised or 

modified to indicate the state of maturity 

of composts. 

“Tt may be taken that a compost will not 
immobilize soil nitrogen if it satisfies one 
or more of the following conditions: 

1. The ‘corrected’ carbon/nitrogen ratio 

is less than 20. 

2. The nitrogen, expressed as a percent 

age of the ‘loss on ignition’ is greater 

than 3.0 per cent. It usually becomes 
stabilized around 3.5 per cent. 

3. When mixed with soil and kept at 
optimum moisture and temperature 
conditions nitrates are liberated (ni 
trification test). 

}. When mixed with an equal quantity 
by dry weight of cellulose, and given 
optimum conditions of moisture, aera 
tion, and mineral supply other than 
nitrogen, increased evolution of ear 
bon dioxide takes place (fermenta 
tion test).” 

Availability of Nutrients. Some idea of 
the chemical composition of refuse-sludge 
composts is given below: 

Per Cent of Dry 


Constituent Matter 
Total Nitrogen 0.88— 1.50% 
Total P,O, 0.83— 1.40 
Total K,O 0.30- 0.60 
Total Ash 50.0 —60.0 


Laboratory and pot experiments have 
shown that the total values for the major 
constituents—nitrogen, phosphorus, and 
potassium do not necessarily give a true 
picture of the manurial value of the com- 
post. Availability of nitrogen in mature 
composts does not exceed 20 per cent of 
the total and more often amounts to only 
10 per cent of the total. 

From results, not yet complete, it ap- 
pears that availability of phosphorus in 
some composts is very low. 
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No pot experiments have been carried 
out to test potash availability, but solubil- 
ity studies indicate that perhaps 40 to 50 
per cent of total potassium might be avail- 
apie. 

Suggestions for the Layout of a Mecha- 
nized Commercial Plant. In the light of 
ihe investigations carried out the author 
makes the following suggestions to indicate 
the general lines on which a large scale 
plant might be constructed: 

“1. Particular attention must be paid to 
the salvage and preparation of a pulverized 
refuse high in organic matter. After tip- 
ping the refuse from collection lorries into 
hoppers, it should pass into enclosed rotary 
screens for the removal of fine ash. The 
-ize of the mesh might have to be changed 
with the seasons. A useful size for re- 
moval of fine dust would be 3 in. mesh. 

“9. After screening, the refuse should 
pass on to conveyor belts, where salvage of 
large paper, rags, bottles, wood and metals 
should take place. 

“3. The refuse should then be pulverized 
in some form of crusher, but not too fine as 
to impede aeration. 

“4. Some attempt should be made, either 
before or after crushing, to separate larger 
particles of coke, coal, and mineral matter 
from the vegetable matter. It has been 
suggested that this could be accomplished 
hy allowing the material to fall on to a 
conyeyor belt, the angle of which from the 
horizontal could be adjusted so as to retain 
the flat organic matter and cause the heay- 
ier rounded particles of mineral matter to 
fall off. 

“5. Control should be exercised over the 
proportions and sludge used. The pul- 
verized refuse might first be fed into a 
hopper of known capacity. 

“6. The refuse and sludge should be inti- 
mately mixed in a mechanical mixer prior 
to being transported to the aeration cells. 

“7. Cells constructed of concrete, or 
brick, should be provided with aeration 
channels in the floor. Until more informa- 
tion is available the depth of the cells 
should not be much greater than five feet 
if natural under-aeration is employed. 
The cells should be large enough to take 
ihe maximum supply of refuse for one to 
two days. Assuming a six-day working 
week, and an aerobic period not exceeding 
two weeks, then seven or more cells would 
be required. The last cell would be in the 
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process of being filled whilst the first one 
was being emptied. 

“8. Adequate storage space should be 
available for maturing the compost, pref- 
erably under cover. No definite rules can 
be laid down with regard to the length of 
this second period since the demand for 
compost would be greatest in Autumn and 
Spring. Since the availability of the ni- 
trogen in mature composts is low, in eer- 
tain cases better results might be obtained 
by using the compost whilst the ammonia- 
cal nitrogen content is high, but more in- 
formation is required on this point before 
it can be recommended.” 

GERARD A, ROBLICH 


The Failure of Poliomyelitis Virus to 
Grow in Certain Protozoa of Sewage. 
By C. A. Evans anp K. L. Ostervp. 
Science, 104, No. 2690, 51-53 (July 19, 
1946). 

The possibility of the growth of polio- 
myelitis virus on sewage protozoa was in- 
vestigated. Surface waters from various 
sources and sewage containing protozoa 
were inoculated with the virus. Weekly 
transfers were made to freshly collected 
uninoculated waters. Inoculation into 
monkeys showed that the virus had failed 
to develop. Similar work with cultures of 
protozoa was undertaken. Bodo was se- 
lected as the protozoa most commonly 
present in sewage treatment systems. In 
addition Monas, Oikomonas, Tetrahymena, 
Uronema and Pleuromonas were also tested. 
The protozoa were grown on wheat ex- 
tract and the virus was added to the eul- 
tures, incubated and transferred. Samples 
of fluid taken from the third set of eul- 
tures were inoculated into monkeys. The 
results were negative. It was concluded 
that naturally occurring neuro-organisms 
in surface waters failed to yield a signifi- 
cant increase in several strains of polio- 
myelitis virus and that the protozoa tested 
failed to support the growth of virus. 

H. HEUKELEKIAN 


Control by D.D.T. of Flies Breeding in 
Percolating Sewage Filters. By T. G. 
Tomuinson. Nature, 156, 478-79 (Oc- 
tober 20, 1945). 

Experiments on the treatment of small 
experimental filters with D.D.T. in the 








1254 


form of (a) a powder applied at the rate 
of 300 lb. per acre, and (b) an emulsion of 
D.D.T. in naphtha or kerosene at a rate of 
application of 50-100 lb. of D.D.T. per 
acre showed that more than 90 per cent of 
the larvae of Anisopus and Psychoda 
were killed and that the Collembolla and 
enchytraeid . worms were unaffected. 
D.D:T. in these concentrations is non-toxic 
to bacteria and fungi in the filter, and 
thus has no deleterious effect on purifica- 
tion. Treatment with creosote (400 gal. 
/acre) gave the greatest reduction in num- 
bers of Anisopus but all the scouring or- 
ganisms in the filter were killed. Bleach- 
ing powder (614 tons per acre) caused 
the biological film to be discharged. 
H. HEUKELEKIAN 


Investigation of Plant Growth Substances 
(Auxins) in Sewage Products. By C. 
A. CHAPLIN AND C. J. Reagan. J. So- 
ciety Chemical Industry (Brit.), 64, 
331-32 (December, 1945). 

The heteroauxin (f-indolylacetic acid) 
content of fresh urine and of effluent and 
of raw digested and composted sludges was 
determined. The only sewage products 
yielding a determinable quantity was fresh 
raw sludge which contained .05 p.p.m. 
The total auxins were determined. 
There was appreciable variation in the 
total auxin content even for the same type 
of sewage material. Fresh raw sludge had 
the highest total auxin content with .38 
p-p.m. However, 90 per cent of the auxin 
content is destroyed during air drying. 
Activated sludge had a lower total auxin 
content than fresh sludge. 

H. HrvuKeLEKIAN 


also 


Grand Forks Water and Sewage. By K. 
W. Rivey Monthly Bulletin, North Da- 
kota Water and Sewage Works Confer- 
ence, 18, 2-4, No. 1 (July, 1945). 

This article, written for the general pub- 
lic, briefly describes the water purification 
and sewage treatment facilities at Grand 
Forks, North Dakota. 

The sewage treatment plant, placed in 
operation in February, 1937, consists of 
coarse sereens, a pre-aeration tank, plain 
sedimentation tanks and separate sludge 
digestors. Gas is collected and used to 
heat sludge digestion tanks and buildings. 
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Provision for addition of flocculating 
chemicals has been made, but to date has 
not been used, since it has been found that 
precipitated sludge from the city water 
treatment plant creates a rapidly settling 
floc at the sewage treatment plant clari- 
fiers. 

Average sewage flow during 1944 was 
51 gallons per capita per day. Results 
of treatment showed removal of 99.9 per 
cent settleable solids and 32.6 per cent 
B.0.D. 

GERARD A. ROHLICH 


Modern Design Trends for Sewage Treat- 
ment. By Kennetu V. Hity. Monthly 
Bulletin, North Dakota Water and Sew- 
age Works Conference, 12, 5-8, No. 12 
(June, 1945). 

Ten factors influencing the trend in the 
design of sewage treatment plants are dis- 
cussed. 

1. The War: Construction and operation 

of sewage treatment plants by the 

Army and Navy has stimulated inter- 

est in sewage treatment. In several 

states the treatment plants, built by 
the Services, are pioneer installations. 

In some cases the Army and Nay) 

have contributed financially to the cost 

of enlargement of municipal sewage 
treatment works, in which Service sew 
age was to be treated. 

Operating data on high rate filters, 
unheated sludge digestion tanks, sew 
age ponds and grease removal devices 
has been gained at military establish- 
ments. Some information on laundry 
wastes has been obtained. 

A committee of military and civilian 
personnel are making a survey of 
operation of sewage treatment plants 
at military establishments, and the re 
ports of that committee may provide 
operation data on certain § devices 
about which comparatively little factual 
data now are available. 

. Research: The importance of research 
as an influence upon the design of sew- 
age treatment plants is stressed. 

. Governmental Influence: Present indi 
sations are that governmental influ 
ence, exerted principally through 
financial aid to municipalities under 


bo 


ee) 


taking the construction of sewage 
treatment works, will be eontinued. 
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. Industrial Waste Treatment: 





War Mobilization and Reconversion 
Act, Title V, Public Works provides 
for loans to political subdivisions to 
aid in financing engineering and archi- 
tectual costs for planning the construc- 
tion of public works. 

The Government’s interest in sew- 

age treatment is further evidenced by 
the work of the Corps of Engineers 
and the Public Health Service in a sur- 
vey and report on pollution control of 
the Ohio River and tributaries. 
Present 
researches on industrial waste treat- 
ment will have a direct bearing on sew- 
age treatment plant design. 
Patented Processes: The majority of 
sewage treatment process patents are 
held or controlled by manufacturers 
of mechanical equipment. In general, 
fees are nominal and included in the 
equipment cost. Inasmuch as not all 
manufacturers are licensed under all 
patents, designing engineers are re- 
stricted somewhat in the choice of 
equipment and competition in the pur- 
chase of equipment is somewhat re- 
stricted. 

Patents held and controlled by indi- 

viduals and not proven in practice are 
to be used warily. 
Handiing of Garbage with Sewage: 
There are some dozen installations 
which combine the disposal of garbage 
with sewage. In most of these installa- 
tions the garbage is ground and added 
to the sewage solids for digestion and 
disposal only. 

While garbage disposal by use of 
built-in sink grinders is attractive and 
aesthetic, from the viewpoint of the 
householder, recognition of first cost 
and maintenance of such grinders 
should be given proper consideration. 

Where garbage and refuse are col- 
lected at the same time, by the same 
iruek and crew, economy of garbage 
disposal through sewers merits careful 
study, since eost of collection and dis- 
posal of rubbish alone might be almost 
as much as cost for combined collection 
and disposal. 

Treatment of garbage solids alone 
with sewage solids in the digestion 
process appears more promising than 
treatment of garbage with sewage. 
Combinations of Processes and Stage 
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Treatment: Combined biological filtra- 
tion and aeration units in series or 
filters in series are better adapted for 
handling strong sewages, and because 
of the inereasing treatment of indus- 
trial wastes in sewage plants it is the 
author’s belief that combination or 
stage treatment methods will receive 
increased consideration in future de- 
signs. 
. Greater Use of Mechanical Equipment : 
The convenience and labor saving fea- 
tures of mechanical devices, as well as 
improvement in manufacture, will 
bring about increasing use of mechani- 
cal equipment at sewage treatment 
plants. 
Development of Resources in Sludge 
Solids: It is probable that increased use 
will be made of sludge gas for power 
development and for heat drying and 
incineration. 

The importance of sludge as a soil 
conditioning agent is stressed. 
Regional Development of Sewage 
Treatment: “The principal objective 
of regional development of sewage 
treatment is to maintain a given water- 
way in a_ satisfactory condition 
throughout its entire course, so as to 
guarantee to every municipality a rea- 
sonable and proper use of the water.” 

This policy has been followed in 
some states in this country, notably 
Wisconsin and Illinois. There is a 
trend toward interstate compacts to 
deal with pollution of interstate waters, 
but none of these compacts are old 
enough to prove the success of this 
method of dealing with  pollutional 
problems. ‘ 

Gerarp A, ROHLICH 


Washington State Sewerage Systems and 


Sewage Treatment and Disposal Sys- 
tems. Prepared by: Division of Public 
Health Engineering, Washington State 
Department of Health. Water Supply 
and Sewerage News, Washington State 
Department of Health, 9, 1-18, Nos. 11 
and 12 (November and December, 1944). 


A census of sewerage and sewage treat- 


ment plants and disposal systems in the 
state of Washington is presented. 


It is stated that the tabulations of sew- 


erage data include all communities having 
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organized sewer systems serving a resident 
population of 100 or more people. In- 
eluded also are data on institutional, in- 
dustrial, war housing projects and other 
semi-public systems. Systems serving 
Army and Navy establishments were 
omitted for security reasons. The compi- 
lation of data covers a total of 162 systems. 

The following table gives the status of 
sewerage and sewage treatment and dis- 
posal for the period 1933-1944. 


Status of Sewerage and Sewage Treatment 
and Disposal 1933-1944 


| >, 
Popu- Pop. | M sal 
State lated | Served | * “at | No. of 
Sane Pop.* Areas | _ by Treat- Treat 
“uf |(in thou-| Pop.t | Sewers | . | ment 
| . (: } ment , 
sands) |(in thou-|(in thou- eae Plants 
| sands) | sands) & 
| sands) 





1933 | 1,620 |1,000t| 705*+| 59.1 | 34 
1934 | 1,640 |1,011§| 714§| 59.6 | 36 
1935 | 1,660 | 1,180*} 723+| 63.9 | 38 
1936 | 1,680 | 1,026+| 732+] 65.9 | 41 
1937 | 1,700 | 1,033+| 741+| 89.7 | 45 
1938 | 1,710 | 1,040 | 750 | 93.0 | 49 
1939 | 1,730 |1,060+|} 778*| 131.0 | 52 
1940 | 1,740 |1,081 | 807 | 187.4 | 55 
1941 | 1,820 |1,156 | 875 | 150.8 63 
1942 | 1,890 | 1,233 | 945 | 207.6 | 75 
1943 | 1,980 | 1,380 | 1,067 | 272.6 | 100 
1944 | 2,000 | 1,512 | 1,184 | 325.1 | 117 
Future a - 674.8! | 148! 











1 Estimates based on treatment facilities for 
which plans have been, or are being prepared. 

* From Division of Vital Statistics, Washing- 
ton State Department of Health. 

{ Includes incorporated cities, public housing 
developments, institutions and industry. 

t Treatment includes conventional sewage 
treatment plants, ground absorption, land 
irrigation, and approved deep water outfall 
systems. 

§ From comprehensive survey by Depart- 
ment of Health in 1934. 

+ Obtained by interpolation. 

All other figures obtained from Departmental 
records. 

Gerarp A. RoHLIcH 


Current Developments in Waste Utiliza- 
tion. By Harotp R. Murpockx. Ind. 
Eng. Chem., 38, 81-2 (advertising sec- 
tion, March, 1946). 

This article describes the lack of wood 
and the studies made to impregnate exist- 
ing wood with chemicals to improve them. 
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From a third to a half of the wood con- 
sumed in the woodworking industry be- 
comes waste and is burned under boilers. 
Because it is clean lumber it could easily 
be converted into wood pulp to reduce the 
overall cost of products; such conversion 
and use, however, must take place at the 
point of origin because of transportation 
costs. Assuming only a 25 per cent waste 
of wood it has been estimated that by 1950 
the potential production of  short-fiber 
hardwood pulp would be 1.5 to 2 million 
tons. In 1944 the paper industry used 
only 426,388 tons of short-fiber soda pulp 
made from hardwood. 

An obstacle to this kind of utilization is 
the small size of the wood plant compared 
with wood pulp mills. But intense acti, 
ity is in progress whose emphasis is on 
high yield pulps. It has been pointed out 
that molded plastics can be made from 
high yield wood pulps in whieh little or 
no phenolic resin has been incorporated. 
With a cheap process for manufacturing 
such pulps from waste wood many small 
operations within the woodworking indus 
try could become self-sustaining. 


Ind. Eng. Chem., 38, 81-2 (advertising 
section, April, 1946). 


This contribution is essentially an ab 
stract of “Treatment and Disposal ol 
Spent Pickling Liquors,’ THis JouRNAL, 
17, 940-51 (September, 1945). 


Ind. Eng. Chem., 38, 83-4 (advertising 
section, May, 1946). 


Chemical engineering appears to have 
solved the difficult problem of disposing ot 
spent sulfite liquors from the manufacture 
of sulfite wood pulps. The new process 
utilizes all of the constituents of the waste 
liquor directly in the mill producing it. 

Approximately 15,700 tons of moisture- 
free wood is digested each day (300 day 
year) with an aqueous solution of calcium 
bisulfite and sulfur dioxide. About 50 per 
cent of the wood is dissolved in the proc- 
ess. The spent liquor discharged io 
streams contains about 4,000 tons of lignin 
sulfonates, 4,000 tons of carbohydrate sub 
stances, 2,335 tons of sulfur as calcium 
bisulfite and sulfurous acid, and 1,175 tons 
of calicium oxide as calcium bisulfite. This 
waste has a B.O.D. of 9 billion, equivalent 
to a population of 36 million persons. 
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The spent liquor contains essentially 
three basie substances—lignin sulfonates, 
complex carbohydrates, and inorganic 
cooking chemicals. No process or patent 
for treating this waste has consumed all 
ot these substances. For example, manu- 
facture of vanillin utilizes only the lignin 
sulfonate, and a few days’ production from 
a single pulp mill will provide a year’s 
suppl¥ of this substance. Other products, 
such as road binders, linoleum cements, 
and lignin plastics, use only the lignin 
fraction of the waste. Similarly, alcohol 
and edible yeast production uses only the 
carbohydrate fraction. 

Where the liquor is evaporated and used 
as a fuel, about 12,000 pounds of steam 
can be made from the liquor from one ton 
of wood pulp. This process has found 
little favor because of the corrosiveness of 
the liquor and the lack of economical by- 
produets other than steam. The inability 
of the ealeium sulfate, formed during the 
incineration, to decompose to calcium oxide 
and oxides of sulfur prevents its recovery 
as a cooking chemical; also, the free sul- 
fur dioxide is seriously diluted with com- 
hustion produets. 

The fact that magnesium sulfate breaks 
down into the oxide rather than the sul- 
fide has now become the keystone of a new 
magnesium-base sulfite pulping process. 
A mill which normally uses 250 pounds of 
sulfur per ton of pulp would require only 
25 pounds of sulfur and 7.5 pounds of 
magnesium oxide per ton if the new proc- 
ess were installed. At the same time, 
enough steam and power may be produced 
to operate the mill. 

This is a definite solution to stream pol- 
lution from this souree and the waste is 
completely consumed in the mill making it. 


Ind. Eng. Chem., 38, 81-2 (advertising sec- 

tion, June, 1946). 

The discharge of industrial wastes to a 
municipal sewer system often places a 
serious burden on the treatment plant 
through overloading of the facilities or 
by introduction of toxie substances which 
interfere with bacterial action. Past ex- 
perience has shown that regulation of such 
discharges is essential to keep the treat- 
ment process under positive control. Real 
difficulties are encountered in smaller cities 
where trade waste is proportionally sub- 
stantial. 
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Co-operation with, rather than persecu- 
tion of, industry should be the basis for 
waste disposal. An example is cited where 
a small community, without co-operating 
in a study of the problem, prohibited the 
discharge of potato wastes into the sewer 
system until the town was indemnified for 
prior damage claims from this source. <As 
a result, the company closed its plant and 
moved to another city. In contrast to this 
lack of foresight, the experience of a simi- 
lar small town is described in which a 
leather processing plant was persuaded to 
install a fine sereen to reduce the load on 
the sewage works. The company found a 
market for the waste so recovered; it paid 
for the sereen and the operation continues 
to be profitable. 

In recent years there has been inereas- 
ing recognition of the responsibility of 
industry to pay a reasonable charge for 
wastes treated with domestic sewage wher- 
ever such wastes place a burden on the 
sewage plant. These charges vary with 
conditions, ranging from complete installa- 
tion of sewage-waste treatment plants plus 
a contribution toward operating costs, to 
a graduated charge based on volume, 
settleable solids, and oxygen demand. 

In 1944, New Brunswick, N. J., decided 
that all wastes should be treated at the 
municipal plant without pretreatment by 
industry. Based upon flow, suspended 
solids, and chlorine demand, the following 
rates were established: $22.00 per million 
gallons, $5.00 per ton of sludge, and $5.00 
per 100-pound chlorine demand. 

In England the responsibility for sew- 
age disposal was transferred from the 
local authorities to a national board in 
1936. Since that time all new discharges 
of factory effluent to sewers have been as- 
sessed on the basis of the actual cost of 
purification. 


Ind. Eng. Chem., 38, 81-2 (advertising sec- 

tion, July, 1946). 

Many cities co-operate with industry by 
treating trade waste with sewage. Where 
such co-operation is planned, it is impor- 
tant to consider the effects of the wastes 
on the sewage treatment process before 
establishing policies and regulations. 

Relatively unpolluted industrial waters 
should be discharged directly to storm 
drains because the size of a sewage plant is 
largely determined by the volume of waste 
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received. Excessive suspended matter 
should be removed by pretreatment. 
Greases, tars and oils also should be recov- 
ered to avoid fire hazard and disturbance 
to sludge digestion. 

Various colloidal and soluble organic 
matter of high B.O.D., especially dairy, 
brewery, cannery, textile and laundry 
waste waters, impose a heavy burden on 
sewage plants; where practicable they 


should receive preliminary treatment be- 
Certain solvents (alcohols, 


fore discharge. 
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acetone, light oils, ete.) may disrupt bio- 
logical processes. Cyanides, phenols, — 
copper and chromium are toxic to sewage — 
organisms in relatively low concentrations. 
Unanticipated changes in _ industvial 
operations may cause serious difficulties 
at sewage plants. Industrial waste should 
not be condemned indiscriminately, but 
should be considered in relation to dilu- 
tion and the general character of the other 
wastes with which it will be treated. 
Ricuarp D. Hoax 








